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Abstract 


This  report,  Materials  for  Tomorrow’s  Infrastructure:  A  Ten-Year  Plan  for  Deploying  High-Per¬ 
formance  Construction  Materials  and  Systems  (CERF  Report  #94-501 1 )  presents  a  detailed 
program  to  transform  our  nation’s  infrastructure.  The  intended  audience  is  the  Adminis¬ 
tration  and  Congress,  other  national  policy  makers,  and  government  and  industry  leaders. 
Descriptions  of  major  high-performance  research  and  commercialization  projects  are  pro¬ 
vided  by  working  groups  representing  ten  different  materials;  aluminum,  coatings,  fiber-re¬ 
inforced  polymer  composites,  concrete,  hot  mix  asphalt,  masonry,  roofing  materials,  smart 
material  devices  and  monitoring  systems,  steel,  and  wood.  The  report  builds  on  the  1991 
National  Civil  Engineering  Research  Needs  Forum  organized  by  the  Civil  Engineering  Re¬ 
search  Foundation  (CERF)  and  the  1 993  initial  program  plan  as  presented  In  High-Performance 
Construction  Materials  and  Systems:  An  Essential  Program  for  America  and  its  Infrastructure 
(CERF  Report  #93-50 II).  The  high-performance  CONstruaion  MATerials  and  systems  pro¬ 
gram  (CONMAT)  will  create  significant  Improvements  In  the  nation’s  infrastructure  and  U.S. 
competitiveness  in  the  construction  market.  The  report  concludes  by  reviewing  the  strong 
support  that  the  Administration  has  shown  the  CONMAT  research  effort  to  date  and  rec¬ 
ommends  continued  support  from  government,  industry,  and  academia  to  support  this  criti¬ 
cal  initiative. 
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Executive  Summary 


This  executive  report  summarizes  an  industry  plan  for  implementing  a  ten- 
year,  $2  billion  national  program  of  technological  research,  development  and 
deployment  to  accelerate  the  commercialization  of  High-Performance 
CONstruction  MATerials  and  Systems  (CONjMAT).  The  proposed  coopera¬ 
tive  industry-government  program  will  be  conducted  in  partnership  with 
academia. 

This  plan  is  the  culmination  of  an  intense  industry-led  voluntary  effort  that 
began  five  years  ago  that  has  involved  detailed  planning  studies  by  10  material 
groups  (aluminum,  coatings,  fiber-reinforced  polymer  composites,  concrete, 
hot  mix  asphalt,  masonry,  roofing  materials,  smart  material  devices  and  moni¬ 
toring  systems,  steel,  and  wood)  with  the  enthusiastic  participation  of  major 
industry  trade  and  professional  organizations. 

The  goal  of  the  CONMAT  program  is  to  help  create  the  materials  and  systems 
for  an  entirely  new  generation  of  constructed  facilities.  This  will  enable  the 
nation  to  meet  the  rapidly  changing  demands  of  society  and  industry  as  we 
enter  the  21st  century  and  to  help  renew  our  aging  public  works  infrastructure 
through  innovations  in  repair,  rehabilitation,  and  retrofit  technologies.  Realiza¬ 
tion  of  this  goal  is  critical  to  the  global  competitiveness  of  all  sectors  of  the 
U.S.  economy,  particularly  the  construction  and  building  industry  which 
represents  about  13  percent  of  the  nation’s  gross  domestic  product,  and  to 
improve  the  every  day  quality  of  life  for  Americans  by  designing  and  building 
facilities  that  provide  a  leap  forward  in  functionality,  economy,  and  durability. 

The  rapid  advances  now  occurring  in  materials  science  and  engineering, 
computing  and  telecommunications,  building  materials  research,  and  other 
emerging  technological  innovations,  make  it  possible  to  realize  this  ambitious 
national  goal.  National  leadership  is  critical,  however,  to  ensure  program 
success. 

In  pursuit  of  the  goal,  the  construction  and  building  industry  will  seek  to 
achieve  the  six  key  performance  improvements  set  forth  by  the  Subcommittee 
on  Construction  and  Building  of  the  National  Science  and  Technology 
Council’s  Committee  on  Civilian  Industrial  Technology  by  contributing  to  the 
accelerated  commercialization  of  high-performance  construction  materials  and 
systems.  The  six  areas  of  improvement  are: 

•  Reduction  In  project  delivery  time 

•  Reduction  in  operation,  maintenance  and  energy  costs 

•  Increase  in  productivity  and  facility  comfort 

•  Fewer  occupant  related  illnesses  and  injuries 

•  Less  waste  and  pollution 

•  Greater  durability  and  flexibility 

Four  principles  will  guide  the  operation  of  the  CONMAT  program.  They  are 
that  the  program:  (1)  be  a  truly  cooperative  industry-government  effort  in  close 


The  goal  of  the  CONMAT 
program  is  to  help  create 
the  materials  and  systems 
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A  National  Construction 
Materials  Coordinating 
Council  (NCMCC), 
consisting  of 
representatives  of  the 
construction-materials 
industry  and  liaison 
members  from  selected 
government  agencies,  will 
be  established  to  facilitate 
the  implementation  of  the 
CONMAT  program. 


CONMAT  must  continue 
to  be  an  industry-led 
program. 


working  partnership  with  academia;  (2)  be  based  on  active  collaboration  among 
different  material  groups  working  under  a  single  organizational  umbrella 
towards  the  CONMAT  goal;  (3)  seek  to  reduce  or  remove  institutional  barri¬ 
ers  and  other  obstacles  that  prevent  technical  innovations  from  reaching  the 
market  place;  and  (4)  continuously  demonstrate  the  technical  feasibility  and 
commercial  viability  of  program  results  through  prototype  projects  with 
measurable  short-  to  medium-term  impact. 

A  National  Construction  Materials  Coordinating  Council  (NCMCC),  consist¬ 
ing  of  representatives  of  the  construction-materials  industry  and  liaison  mem¬ 
bers  from  selected  government  agencies,  will  be  established  to  facilitate  the 
implementation  of  the  CONMAT  program.  The  NCMCC  will  be  responsible 
for: 


•  Translating  the  overall  goal  and  research  priorities  of  the  CONMAT  plan  Into 
specific  projects  for  execution,  including  the  definition  of  their  scope,  dura¬ 
tion,  and  cost 

•  Identifying  and  recruiting  suitable  partners  from  industry,  government  and 
academia  for  collaboration  and  consortia  on  research,  development  and 
demonstration  projects 

•  Implementing  a  comprehensive  technology  deployment  program  to  help 
industry  accelerate  the  commercialization  of  innovative  technologies 

•  Providing  a  forum  for  the  construction  and  building  industry  to  make 
CONMAT  plans  part  of  their  business  and  corporate  strategies 

•  Initiating  and  maintaining  communications  with  executive  and  legislative 
bodies,  such  as  the  National  Science  and  Technology  Council  and  the  U.S. 
Congress,  and  with  the  construction  and  building  community  through  periodic 
reports,  briefings,  and  newsletters 

•  Reviewing  the  implementation  plan  on  a  periodic  basis,  revising  it  as  needed, 
and  making  decisions  on  the  possible  addition  of  new  material  groups  to  the 
program 

An  executive  steering  committee  appointed  by  the  NCMCC  will  be  respon¬ 
sible  for  the  day-to-day  operation  of  the  program,  including  program  oversight 
and  fiscal  management.  The  Civil  Engineering  Research  Foundation  (CERE), 
the  research  affiliate  of  the  American  Society  of  Civil  Engineers  (ASCE),  will 
provide  overall  coordination  for  the  CONMAT  program. 

CONMAT  must  continue  to  be  an  industry-led  program.  The  ten 

material  groups  which  came  together  to  produce  this  report  are  committed  to: 

•  Cooperative  action.  The  commercial  opportunities  are  so  great  that  all 
material  groups  recognize  the  virtue  of  cooperative  ventures  in  areas  beyond 
their  current  market  niche.  CONMAT  participants  understand  that  the 
research  and  technology  deployment  activities  will  be  periodically  reviewed 
and  updated,  as  the  needs  of  the  construction  community  and  the  nation’s 
infrastructure  are  regularly  reassessed. 

•  Industry  leadership.  Construction  industry  leaders  must  direct  the  imple¬ 
mentation  of  the  CONMAT  program,  demonstrating  how  it  directly  responds 
to  the  needs  and  vision  of  the  construction  community.  These  leaders  will 
strengthen  the  CONMAT  program  by  establishing  partnerships  and  collabora¬ 
tive  efforts  where  appropriate. 

•  Financial  commitment.  CONMAT  must  truly  become  a  dynamic  coopera¬ 
tive  effort  between  the  public  and  private  sectors.  The  program  will  succeed 
only  if  there  is  active  Industry  participation,  including  cash  and  in-kind  support, 
and  oversight. 


•  Implementation  and  technology  deployment.  Industry  Is  well  positioned 
to  take  the  results  of  the  CONMAT  program  to  the  marketplace.  CONMAT 
will  succeed  only  If  it  can  develop  and  demonstrate  practical,  commercially- 
viable  applications. 

Active  participation  by  the  federal  government  is  essential  to  the 
success  of  CONMAT.  The  Administration  and  Congress  should  support  the 
CONMAT  program  by: 

•  Endorsing  the  concept  and  objectives  of  the  CONMAT  program, 

recognizing  it  as  an  essentia!  element  of  this  nation’s  commitment  to  upgrade 
the  nation’s  civil  infrastructure. 

•  Supporting  the  establishment  of  CERF’s  National  Construction  Materials 
Coordinating  Council  (NCMCC)  with  authority  for  program  implementation. 

•  Directing  all  Federal  agencies  to  consider  the  budget  and  program 
objectives  outlined  herein  when  developing  their  respective  program 
budgets.  The  strength  of  the  CONMAT  program  will  be  In  its  ability  to 
leverage  private  and  public  sector  funds  to  most  efficiently  accomplish  Its 
goals. 

•  Continuing  to  provide  a  construction  program  focus  through  the 
National  Science  and  Technology  Council  (NSTC)  and  the  Office  of  Science 
and  Technology  Policy  (OSTP). 

•  Ensuring  Federal  support  through  cost-sharing/support  mechanisms  as  the 
Technology  Reinvestment  Project  (TRP),  Manufacturing  Extension  Partnership 
(MEP),  the  U.S.  Army  Corps  of  Engineers  Construction  Productivity  Advance¬ 
ment  Research  (CPAR)  program,  Cooperative  Research  and  Development 
Agreements  (CRADA’s),  the  Advanced  Technology  Program  (ATP)  and  other 
programs  as  appropriate. 

•  Continuing  to  modify  user  agency  procurement  policies  to  encourage  the 
inclusion  of  innovative  technologies  in  new  and  rehabilitation  construction 
projects.  As  a  major  customer,  Federal  support  Is  essential  for  many  of  the  key 
CONMAT  demonstration  projects. 

•  Facilitating  the  CONMAT  effort  to  reduce  barriers  to  commercializa¬ 
tion  by  supporting  new  approaches  in  such  areas  as  new  product  evaluation, 
life-cycle  costing,  contract/bid  systems,  tort  liability  and  regulations  which 
affect  the  Introduction  of  innovation  into  the  construction  industry. 

The  long-term  success  of  this  ambitious  national  program  will  be  visible 
through  its  impact  on  the  quality  of  the  nation’s  constructed  facilities,  the 
competitiveness  of  the  U.S.  construction  and  building  industry,  and  the  quality 
of  life  for  all  Americans  as  we  enter  the  21st  century. 


Active  participation  by  the 
federal  government  is 
essential  to  the  success  of 
CONMAT. 
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Executive  Summary 


Chapter  I 

Background 


Major  natural  disasters  of  the  past  few  years-  earthquakes  in  southern  Califor¬ 
nia,  flooding  in  the  Midwest,  forest  fires  in  the  West,  and  hurricanes  in  the 
south  and  southeast — have  focused  attention  on  the  fragility  of  the  nation’s 
built  environment.  Yet  these  dramatic  events  are  only  part  of  the  story:  many  of 
the  nation’s  bridges,  highways,  buildings,  pipelines,  and  other  key  elements  of  a 
modern  society  are  falling  below  capacity  or  are  in  need  of  immediate  repair  or 
replacement.  The  visible  consequences  include  ruptured  water  and  sewer  lines, 
structurally  deficient  bridges  and  deteriorating  highway  pavements.  For  ex¬ 
ample,  230,000  (40  percent!)  of  the  nation’s  575,000  bridges  are  structurally 
deficient  or  functionally  obsolete.  Moreover,  143,000  of  these  575,000  bridges 
are  50  years  old  or  more  and  unsuitable  for  current  or  projected  traffic  de¬ 
mands.  ' 

The  situation  is  no  better  with  our  nation’s  highways  or  wastewater  treatments 
plants  and  sewer  systems.  Ten  percent  (60,000  miles)  of  the  federal— aid  roadway 
pavements  require  immediate  repair  or  replacement.  The  American  Association 
of  State  Highway  &  Transportation  Officials  (AASHTO)  calculates  that  40 
percent  of  federal-aid  pavement  falls  below  minimum  engineering  standards. 
The  Road  Information  Program  notes  that  60  percent  of  the  nation’s  pave¬ 
ments  require  rehabilitation.  Half  of  all  communities  in  the  United  States 
cannot  expand  because  their  wastewater  treatment  plants  are  currently  operat¬ 
ing  at  or  close  to  full  capacity.^ 


...many  of  the  nation's 
bridges,  highways, 
buildings,  pipelines,  and 
other  key  elements  of  a 
modern  society  are  falling 
below  capacity  or  are  in 
need  of  immediate  repair 
or  replacement. 


The  costs  of  an  inadequate  infrastructure  are  enormous:  poorly  maintained  or 
obsolete  sewer  systems  and  waste  treatment  systems  pose  significant  public 
health  risks;  leaking  pipes  affect  our  water  supply  and  constrain  urban  growth 
and  reduce  the  tax  base;  while  nearly  60  major  airports  in  the  United  States  will 
experience  “serious  congestion”  by  the  year  2000.  One  study  estimates  that  by 
the  year  2005,  the  traffic  delays  caused  by  inadequate  roads 
will  cost  the  nation  $50  billion  a  year  in  lost  wages  and 
wasted  fuel.^  A  well-defined  strategy  for  the  intelligent  renewal 
of  our  aging  infrastructure  is  essential  if  we  are  to  maintain 
our  current  quality  of  life.'* 


History  has  shown  that  investments  in  technology  for  this 
renewal  have  direct  benefits  for  the  private  sector.  The 
construction  of  the  interstate  highway  system  led  to  the 
development  of  new  concretes  and  steels  and  new  design 
technologies  which  have  direct  application  to  commercial 
structures.  New  materials  and  systems  which  focus  on 
durability  and  ease  of  construction  will  have  obvious  and 
direct  benefits  for  life  cycle  improvements  in,  for  example, 
the  nation’s  housing  stock.  Finally,  the  development  of 
expertise  in  the  application  of  high  performance  materials  and 
systems  will  help  to  restore  America  to  its  leadership  position 
in  world  construction  markets. 


Aftermath  of  the  Northridge  earthquake:  One  of  two  collapsed  connector 
structures  at  the  Golden  State  Freeway  (l-5)-Antelope  Valley  Freeway 
(State  Route  14)  interchange. 
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Background 


Courtesy  of  James  Coopen  Federal  Highway/ 


Unfortunately,  the  construction  sector  suffers  from  lack  of  a  well-organized 
and  focused  constituency  to  implement  this  strategy.  Fragmentation  in  the 
industry  and  a  strong  focus  on  low  first  cost  of  construction  has  resulted  in  low 
investments  in  technolog)^  in  both  the  private  and  public  sector  and  adversarial 
relationships  which  impede  solutions.  The  goal  of  this  report  is  to  set  in 
motion  some  specific  commitments  that  will  reverse  that  trend.  In  preparing  it, 
representatives  from  industry,  academia,  and  government  have  come  together 
to  achieve  one  overriding  goal:  to  create  a  new  generation  of  high-performance 
construction  materials  and 
infrastructure  in  the  21st  century.  Merely  defining  research  goals  and  priorities 
is  insufficient.  The  program  must  go  beyond  “paper  recommendations”  and 
laboratory  experiments — deployment  of  high-performance  construction 
materials  and  systems  is  the  ultimate  goal. 

This  report  describes  the  conclusions  of  ten  different  industry  groups,  reflect¬ 
ing  interests  in  traditional  construction  materials  like  concrete  and  steel  and 
materials  that  have  not  been  used  extensively  in  construction  to  date,  such  as 
composites,  aluminum,  and  smart  materials.  The  report  does  not  attempt  to 
judge  the  relative  merits  of  one  material  against  another.  Indeed,  for  many 
infrastructure  applications,  a  combination  of  materials  is  essential  to  fulfill  all 
performance  requirements  and  the  existence  of  competing  materials  encour¬ 
ages  the  development  of  highly  economical  solutions.  The  programs  outlined 
below  will  result  in  quantum  improvements  in  our  nation’s  quality  of  life 
through  meeting  the  well-documented  needs  for  construction  and  retrofit  of 
our  nation’s  infrastructure  with  a  variety  of  construction  materials. 

The  deterioration  of  our  nation’s  civil  infrastructure  is  linked 
directly  with  overall  economic  development,  and  reduces  our 
global  competitiveness  and  our  quality  of  life.  Our  principal 
economic  rivals  recognize  this  relationship.  We  must  build 
the  21st  century  civil  infrastructure  with  tomorrow’s 
materials  and  systems.  The  Fligh-Performance 
CONstruction  MATerials  and  Systems  Program  (CONMAT) 
will  gives  us  the  tools  to  be  so  far-reaching.  The  implementa- 
^  tion  plan  outlined  herein  provides  a  detailed  roadmap  for 
I  identifying,  exq^loiting,  demonstrating,  and  utilizing  high- 

{  performance  materials  for  our  nation’s  infrastructure. 

< 

^  CONMAT,  an  industry-driven  program,  has  brought  together 
,0  ten  different  material  groups:  aluminum,  coatings,  composites, 
concrete,  hot  mix  asphalt,  masonry,  roofing  materials,  smart 
material  devices  and  monitoring  systems,  steel,  and  wood.  The 
program  is  challenging  and  plots  a  course  of  action  with  a 
budget  in  the  range  of  $2  billion  over  ten  years.  Such  a  decade-long  invest¬ 
ment,  viewed  as  an  annual  investment  of  $200  million,  represents  a 
commitment  in  dollars  of  slightly  less  than  one-twentieth  of  one 
percent  of  the  annual  construction  put-in-place.'’  Such  an  investment 
will  be  repaid  many  times  over  in  a  flourishing  infrastructure  for  our  children! 

Merely  developing  budgeted  research  and  development  priorities  is  insufficient 
to  ensure  the  success  of  the  CONMAT  program.  This  report  details  the 
structure  and  operating  principles  that  will  guide  the  CONMAT  effort.  Wliile 
laboratory  research  and  development  is  an  integral  element  of  the  CONMAT 
effort,  it  is  only  one  element.  The  goal  of  CONMAT  is  accelerating  the  com- 


Deteriorated  concrete  in  a  bridge  parapet  well.  Corrosion  caused  by  the  use 
of  chloride  de-icing  salts  was  the  probable  cause  of  the  damage. 


systems  to  meet  the  demands  of  a  deteriorating 


We  must  build  the  2 1st 
century  civil  infrastructure 
with  tomorrow's  materials 
and  systems. 


mercialization  of  the  results  of  the  research  and  development  program.  Accord¬ 
ingly,  the  plan  is  designed  to  confront  and  remove  the  barriers  that  prevent 
research  findings  from  reaching  the  marketplace.  The  deployment  strategy 
outlined  herein  will  ensure  that  this  report  will  not  just  be  a  paper  document, 
but  will  help  to  equip  our  construction  industry  to  enhance  our  infrastructure, 
and  with  it  our  economic  well  being  and  international  competitiveness. 

Structure  of  the  Report 

In  the  next  chapter,  the  objectives  of  a  national  program  to  develop  and  exploit 
high  performance  materials  and  systems  are  presented.  The  concept  of  “high- 
performance  materials  and  systems”  is  discussed  more  fully.  The  background 
and  early  successes  of  the  CONMAT  program  are  described.  The  ten-year 
implementation  plan  is  presented,  including  the  organizational  mechanisms 
that  will  govern  such  a  research  and  commercialization  effort.  In  particular,  the 
structure  and  objectives  of  the  National  Construction 
Materials  Coordinating  Council  (NCMCC)  are  de¬ 
scribed.  Chapter  2  ends  with  a  summary  of  the  material 
groups’  research  schedules  and  budgets. 

Chapters  3-12  present  the  ten-year  implementation  plans 
for  CONMAT’s  material  groups.  Each  chapter  provides 
a  brief  overview  of  how  each  particular  high-perfor¬ 
mance  material  may  be  expected  to  perform,  likely 
research  areas,  and  current  constraints  to  deployment. 

Detailed  project  descriptions  are  presented  in  accompa¬ 
nying  tables,  including  key  objectives,  methodology, 
budget  outlays,  project  duration,  and  potential  public 
sector  partners.  Chapter  13  closes  with  a  few  key  recom¬ 
mendations  to  ensure  the  success  of  the  CONMAT 
program. 

In  addition  to  this  technical  report,  the  reader  may  find 
the  Materials  for  Tomorrow’s  Infrastructure:  A  Ten-Year  Plan  for 
Deploying  High-Peformance  Construction  Materials  and 
Systems — Executive  Report  useful.  The  executive  report 

presents  the  operating  principles  and  organization  structure  that  will  ensure 
CONMAT’s  success.  A  discussion  of  cross-cutting  technology  deployment 
issues  is  offered  as  well.  Lastly,  brief  summaries  of  each  material  group  s 
objectives  are  presented. 


Roize  bridge,  Grenoble,  France.  Elevation  of  completed  bridge  having  three  spans. 
The  bridge  was  constructed  of  high-strength  concrete  with  post-tensioning  steel. 
The  concrete  strength  was  in  excess  of  76  MPa  (I  I  ksi),  more  than  double  than 
what  is  typically  used. 
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Courtesy  of }.  MuHer  International 
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Chapter  2 

High-Performance 
Construction 
Materials  and  Systems: 
Transforming  the 
Nation's  Infrastructure 


...infrastructure, 
productivity,  economic 
growth  and 
competitiveness  are 
inexorably  linked. 


The  United  States’  emergence  as  a  20th  century  world  leader  was  based,  in  part, 
on  a  state-of-art  infrastructure.  But,  our  infrastructure  investment  relative  to 
GDP  (Gross  Domestic  Product)  has  declined  by  almost  50  percent  over  the 
past  three  decades.  Today,  we  no  longer  enjoy  an  infrastructure  advantage. 

These  critical  developments  coincide  with  a  growing  awareness  that  infrastruc¬ 
ture,  productivity,  economic  growth  and  competitiveness  are  inexorably  linked. 
Infrastructure  determines,  in  fundamental  ways,  what  a  society  can  achieve. 
Compared  to  other  advanced  industrialized  countries,  the  United  States  has  not 
made  proportionate  investments  in  infrastructure  and  is  suffering  for  it,  both  in 
terms  of  productivity  growth  and  international  competitiveness. 

Infrastructure  problems  reduce  the  economy’s  health.  To  promote  economic 
growth  in  the  21st  century,  an  innovative  infrastructure  research  program 
exploiting  high-performance  materials  and  systems  is  needed.  Public-  and 
private-sector  investment  must  be  directed  toward  construction  of  better 
designed,  more  efficient,  durable,  and  trouble-free  infrastructure.  This  can  be 
done  by  effectively  leveraging  research  funds  to  provide  the  quality  infrastruc¬ 
ture  components  necessary  for  enhancing  private  sector  productivity. 

What  Do  We  Mean  by  “High-Performance 
Construction  Materials  and  Systems?” 


The  nations  constructed 
facilities,  whether  in  public 
or  private  hands,  need  the 
benefits  inherent  in  high- 
performance  construction 
materials  and  systems. 


A  program  of  infrastructure  renewal  could  use  traditional,  present-day  materi¬ 
als  and  processes.  Such  an  effort  would  address  some  immediate  needs,  but  it 
would  not  deliver  the  benefits  in  improved  performance  that  should  be  de¬ 
manded  for  the  21st  century.  Average  life  cycles  of  constructed  facilities  would 
not  be  improved  and  would  probably  diminish,  given  the  increased  demands  of 
a  larger,  more  mobile  population.  Also,  it  would  be  difficult  to  effect  significant 
improvements  in  durability,  constructability,  and  maintainability.  The  nation’s 
constructed  facilities,  whether  in  public  or  private  hands,  need  the 
benefits  inherent  in  high-performance  construction  materials  and 
systems. 
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High-Performance  Construction  Materials  and  Systems 


The  nation’s  construction 
industry  is  highly 
fragmented  and  consists 
mostly  of  small  and 
medium  sized  firms. 
Individual  firms  cannot,  on 
their  own,  conduct  the 
research  and  development 
necessary  to  create 
innovative  materials  and 
processes. 


Robotics  increase  precision  of  steel  erection. 


Significant  advances  have  been  made  in  the  field  of  materials  science  and 
structural  analysis  in  the  past  two  decades.  The  challenge  for  high-performance 
construction  materials  and  systems  is  applying  this  knowledge  to  create  an 
infrastructure  that  will  be  characterized  by: 

•  Superior  strength,  toughness,  and  ductility 

•  Enhanced  durability/service  life 

•  Increased  resistance  to  abrasion,  corrosion,  chemicals  and  fatigue 

•  Initial  and  life-cycle  cost  efficiencies 

•  Improved  response  in  natural  disasters  and  fire 

•  Ease  of  manufacture  and  application  or  installation 

•  Aesthetics  and  environmental  compatibility 

•  Ability  for  self-diagnosis,  self  healing,  and  structural  control 

Tomorrow’s  high-pcrformancc  construction  materials  and  systems  will  bring 
substantial  savings  because  they: 

•  Reduce  material  requirements  and  provide  opportunities  for  new  construc¬ 
tion  applications 

•  Show  greater  resilience  and  adaptability  to  environmental  factors,  ability  to 
accommodate  and  sustain  higher  design  loads  or  load  frequency 

•  Are  easier  and  faster  to  fabricate  and  of  consistently  high  quality 

•  Incorporate  sensing  technologies  that  enable  self-diagnosis 

Development  of  the  CON  MAT  Program 

The  nation’s  construction  industry  is  highly  fragmented  and  consists  mostly  of 
small  and  medium  sized  firms.  Individual  firms  cannot,  on  their  own,  conduct 
the  research  and  development  necessary  to  create  innovative  materials  and 
processes.  As  a  result,  technical  leadership  has  shifted  largely  to  other  nations. 
Foreign  competitors  have  made  marked  advancements  in  state-of-the-art  and  in 
forging  a  close  government/private  sector  partnership. 

At  the  same  time,  the  public  works  infrastructure  in  the  U.S.  is  governed  and 
managed  by  various  states  and  federal  agencies,  and  system  management  is 
diffuse  and  complicated.  Development  of  a  successful  and  coordinated  R&D 
program  requires  addressing  the  critical  problems  that  are  common  to  the 
public  works  infrastructure. 

For  these  reasons,  in  1991,  the  Civil  Engineering  Research  Foundation 
(CERF),  the  research  affiliate  of  ASCE,  convened  private  and  public  sector 
experts  in  construction  research  and  practice  as  well  as  major  owners  of  infra¬ 
structure  to  define  a  national  research  agenda  for  civil  engineering.  A  key 
priority  of  this  national  forum  was  to  develop  “super  construction  materials,” 
with  the  initial  focus  on  concrete  and  steel  in  improving  performance,  installa¬ 
tion,  durability,  and  strength. 

In  response  to  the  Eorum  recommendation,  a  planning  committee  made  up  of 
experts  from  industr)t  academia  and  government  developed  a  specific  strategy 
and  program  to  cx-ploit  high-performance  construction  materials  and  systems, 
initially  concentrating  on  concrete  and  steel.  The  program,  the  Fligh-Pcrfor- 


mance  CONstruction  MATerials  and  Systems  Program  (CONMAT),  soon 
attracted  the  interest  of  other  construction  material  groups  such  as  aluminum 
and  composites.  The  CONMAT  program,  as  envisioned  by  CERF,  consists  of 
a  series  of  industry-led  R&D  activities  costing  at  least  $2  billion  over  ten  years, 
A  strong  private,  public  sector  partnership  is  critical  to  the  success  of  the 
program. 

CONMAT  now  encompasses  ten  important  construction  material  groups.  The 
list,  which  includes  high-performance  traditional  as  well  as  emerging  materials, 
comprises  aluminum,  coatings,  composites,  concrete,  hot  mix  asphalt,  masonry, 
roofing,  smart  material  devices  and  monitoring  systems,  steel,  and  wood.  For 
traditional  materials,  the  program  focuses  on  new  high-performance  derivatives 
and  applications.  The  program  is  dynamic,  with  some  industry-led  groups 
being  far  advanced  in  developing  an  R&D  strategy,  while  others  have  only 
recently  made  the  commitment  to  develop  a  consensus  approach  to  respond  to 
the  construction  industry’s  needs.  It  is  anticipated  that  other  material  groups 
not  currently  involved  with  CONMAT  (e.g.,  geotextiles,  rock/aggregate, 
gypsum,  and  others)  may  soon  become  part  of  the  process. 


Although  its  history  is  brief, 
the  CONMAT  program  can 
already  point  to  several 
successes. 


Industty  and  Government  in  Partnership: 
Practical  Successes  to  Date 

Although  its  history  is  brief,  the  CONMAT  program  can  already  point  to 
several  successes.  Industry  has  shown  its  commitment  by  devoting  resources  to 
the  formation  of  ten  working  groups,  typically  including  representatives  from 
their  own  industry  and  experts  from  academia  and  government.  A  series  of 
industry  meetings  and  workshops  have  been  held  across  the  country  to  formu¬ 
late,  often  for  the  first  time,  a  focused  national  research,  development,  and 
deployment  agenda  that  reflects  the  needs  of  the  marketplace.  This  effort, 
estimated  at  over  $1  million  in  in-kind  labor  costs  alone,  has  had  several  impor¬ 
tant  benefits.  Most  importantly,  with  the  workshop  and  publication  of  High- 
Petformance  Construction  Materials  and  Systems:  An  Essential  Program  for  America  and 
its  Infrastructure  in  April  of  1993,  supporters  of  the  program  demonstrated  the 
strong  national  consensus  for  a  high-performance  construction  materials  and 
systems  program.  Recent  administration  and  congressional  policies  support  this 
effort  and  include: 

•  Establishing  the  subcommittee  on  Construction  and  Building 
within  the  Committee  on  Civilian  Industrial  Technology 
(CCIT)  of  the  National  Science  and  Technology  Council 
(NSTC) 

•  Fostering  a  close  working  relationship  with  the  Office  of 
Science  and  Technology  Policy  (OSTP)  and  CONMAT 
representatives 

•  Establishing  CERF  as  the  primary  liaison  for  research  and 
innovation  in  the  construction  industry 

•  Increasing  funding  for  the  National  Institute  of  Standards  and 
Technology’s  Advanced  Technology  Program  (ATP),  resulting 
in  significant  monies  for  innovative  but  high-risk  enabling 
technologies  with  strong  commercial  potential  in  program 
focus  areas  of  interest  to  the  construction  industry 
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The  implementation  plan 
rests  on  four  operating 
principles. 


•  Promoting  the  Technology  Reinvestment  Project  (TRP)  that  has  resulted  in 
support  of  high-performance  construction  materials  related  projects  such  as 
the  San  Diego  composite  vehicular  bridge  project 

•  Providing  support  for  key  FHWA  priorities,  including  infrastructure  mainte¬ 
nance  and  environmental  monitoring 

•  Promoting  other  agencies’  programs  in  high-performance  construction 
materials  and  systems  research 

There  is  much  yet  to  be  done.  The  major  task  is  to  ensure  that  the  critical 
high-performance  research  is  implemented  and  quickly  leads  to  commercial¬ 
ization  of  new  products  and  processes. 


A  Cooperative  Ten-Year  Implementation 
Plan:  Goals  and  Operating  Principles 

The  CONMAT  program  is  envisioned  as  a  ten-year  program  of  research  and 
development,  research  dissemination  and  commercialization  of  new  products 
and  processes.  The  implementation  plan  rests  on  four  operating  principles. 

1 .  The  CONMAT  program  must  be  industry-led.  While  active  cooperation  and 
partnership  with  academic  and  the  public  sector  are  critical  to  the  success  of 
CONMAT,  the  program  will  fall  short  of  its  goals  If  It  is  not  driven  by  those 
industries  who  can  support  and  benefit  from  program  Implementation. 

Industry  is  expected  to  take  the  lead  Identifying  research  needs  and  imple¬ 
menting  research  results. 

2.  The  CONMAT  strategy  requires  the  active  collaboration  and  cooperation  of 
the  material  groups  in  research  projects  of  overlapping  interest  and  in  the 
realization  of  mutual  technological  deployment  objectives,  such  as  the 
creation  of  an  integrated  CONMAT  data  base  system  and  the  training/ 
retraining  of  engineers  and  technicians  in  the  construction  community. 

3.  The  implementation  plan  focuses  on  overcoming  knowledge  gaps  and 
institutional  barriers  that  currently  limit  the  construction  industry’s  use  of 
these  high-performance  materials  and  systems.  A  variety  of  strategies  are 
recommended,  such  as  promoting  changes  in  product  evaluation  and 
contract  bid  systems  and  establishing  evaluation  and  demonstration  projects. 

4.  Finally,  the  CONMAT  program  must  demonstrate  results!  Some  projects  are 
specifically  designed  as  near-term  or  intermediate-term,  and  their  successful 
completion  is  a  pre-requisite  for  subsequent  projects.  All  material  groups 
have  prioritized  their  research  agendas.  The  most  critical  projects  are  clearly 
designated. 

For  the  collective  responsibilities  described  above,  the  CONMAT  plan  requires 
an  ongoing  body  to  coordinate  both  day-to-day  and  long-term  activities.  The 
creation  of  a  CONMAT  National  Construction  Materials  Coordinating 
Council  (NCMCC)  is  proposed  to  serve  as  an  industry-led  group  that  will 
work  closely  with  federal  agencies,  academic  institutions,  and  federal  laborato¬ 
ries.  The  NCMCC  mandate  will  be  to  facilitate  the  implementation  of  the 
CONMAT  program. 

The  NCMCC  will  provide  a  forum  for  the  construction  community  to  make 
CONMAT  plans  part  of  their  business  and  corporate  strategy.  The  NCMCC 
will  help  to  determine  the  specific  plans  for  realizing  research  and  technology 
deployment  objectives.  For  example,  the  Council  may  identify  and  recruit 
suitable  industry  partners  for  collaboration  on  a  research  project,  bring  together 
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private  and  public  sector  representatives  for  evaluation  and  demonstration 
efforts,  and  target  and  follow  through  with  individual  firm  and/or  trade  associa¬ 
tions  in  creating  consortia  that  will  commercialize  and  promote  new  products 
or  processes.  The  NCMCC  will  publicize  and  promote  research  efforts,  as  well 
as  promote  education  efforts  and  initiate  technology  deployment  activities. 

Summary  of  Material  Groups’  Research 
Schedules  and  Budgets 

In  preparing  this  report,  material  groups  have  closely  reviewed  the  objectives  of 
CONMAT  and  the  specific  aims  of  their  particular  research  and  commercial¬ 
ization  plan.  Table  1  presents  the  ten-year  budgets  for  each  group,  along 
with  some  of  the  key  objectives  established  to  advance  our  knowledge 
and  use  of  each  material.  The  budgets  reflect  the  current  development  of 
each  material  group’s  plan.  While  some  groups  such  as  concrete  and  steel  have 
been  established  for  nearly  three  years,  other  groups  such  as  wood  and  hot  mix 
asphalt  have  only  recently  been  formed.  In  particular,  hot  mix  asphalt  is  cur¬ 
rently  refining  its  research  objectives;  at  this  time  is  it  premature  to  present 
specific  budget  projections  for  this  material  group. 

Table  1  also  presents  an  eleventh  line  item  for  those  technology  deployment 
activities  that  cut  across  two  or  more  material  groups  and  are  coordinated 
through  the  NCMCC.  Based  on  an  understanding  of  the  types  of  technology 
deployment  activities  that  must  be  completed  relative  to  the  range  of  material- 
specific  research  efforts  for  the  entire  program,  it  is  estimated  that  the  deploy¬ 
ment  activities  will  represent  approximately  10  percent  of  the  material  group 
budget  outlays.  This  follows  the  detailed  technology  transfer/technology 
deployment  estimates  in  the  1993  volume,  High-Performance  Construction  Materi¬ 
als  and  Systems:  An  Essential  Program  for  America  and  its  Infrastructure,  where  the 
CONMAT  steel  and  concrete  agendas  were  initially  presented. 
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Material  groups  propose 
budgets  of  slightly  over  two 
billion  dollars  over  a  ten- 
year  period. 


Table  I :  Proposed  Ten-Year  Budgets  and  Key  Objectives 
by  Material  Groups 


Material 

Groups 

Key  Objectives 

Ten-Year 

Budget 

Aluminum 

Optimization  of  aluminum  alloys  and  structural 
systems  to  demonstrate  competitive  life-cycle 
costs  for  bridges  and  structures  for  severe 
environments 

$48,250,000 

Coating 

Enhancement  of  environmental  characteristics  and 
improvement  in  the  overall  life-cycle  costs  of 
coated  structures 

$150,450,000 

Composites 

Creation  of  a  new  generation  of  bridge,  marine  and 
utility  structures  with  the  benefits  of  reduced 
life-cycle  costs  and  construction  time 

$882,750,000 

Concrete 

In-place  quality  improvements  and  optimized 
design  for  durability  and  strength  enhancement 

$171,950,000 

Hot  Mix  Asphalt 

In-place  quality  and  environmental  acceptability 

NA* 

Masonry 

Construction  quality  enhancement  and  natural 
hazard  reduction 

$68,450,000 

Roofing 

Extended  service  life  and  energy  conservation 

$103,500,000 

Smart  Materials 

Technology  development  in  communications  and 
sensors  focusing  on  life-cycle  cost  reduction 

$206,000,000 

Steel 

Enhancements  in  materials  predictability,  and 
life-cycle  performance 

$190,560,000 

Wood 

New  product  forms  with  enhanced  durability, 
strength,  and  affordablity 

$69,950,000 

Technology 

Deployment 

Integrated  knowledge  base,  technical  education, 
life-cycle  costing  procedures,  evaluation,  and 
prototype  demonstrations 

$189,186,000 

TOTAL 

$2,081,046,000 

Specific  funding  levels  have  not  been  established  at  this  time. 


Table  2  presents  the  annual  budgets,  by  material  group,  for  each  of  the 
next  ten  years.  As  with  Table  1,  a  separate  line  item  has  been  assigned  to 
the  NCMCC’s  technology  deployment  activities. 


Table  2:  Proposed  Year-by-Year  Budgets  in  Millions  of  Dollars,  by  Material  Groups 


Material 

Groups 

Dollar  Amount,  in  Millions,  by  Year  of  Program 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total* 

Aluminum 

6.35 

6.35 

5.70 

4.95 

4.90 

4.50 

4.50 

4.00 

3.50 

3.50 

48.25 

Coatings 

7.00 

13.70 

16.30 

22.71 

21.88 

21.88 

17.30 

13.93 

12.13 

3.60 

150.45 

Composites 

35.00 

63.00 

1  1  1 .00 

21  1.00 

222.00 

122.75 

56.00 

31.00 

21.00 

10.00 

882.75 

Concrete 

7.55 

12.60 

15.20 

20.05 

18.35 

23.40 

22.44 

20.73 

15.73 

15.90 

171.95 

Hot  Mix  Asphalt 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA** 

Masonry 

4.00 

5.25 

7.80 

7.85 

8.50 

9.25 

8.40 

6.40 

5.90 

5.10 

68.45 

Roofing 

9.50 

8.00 

1  1.94 

13.44 

14.44 

1  1.44 

10.44 

9.94 

7.94 

6.44 

103.50 

Smart  Materials 

14.70 

26.40 

29.70 

28.90 

29.20 

26.00 

23.70 

14.30 

8.30 

4.80 

206.00 

Steel 

18.66 

20.76 

22.71 

26.16 

27.21 

20.61 

18.45 

18.45 

12.00 

5.55 

190.56 

Wood 

8.15 

8.85 

10.48 

9.28 

9.28 

7.13 

4.43 

4.88 

3.88 

3.63 

69.95 

Technology 

Deployment 

9.46 

9.46 

9.46 

18.92 

18.92 

18.92 

18.92 

28.38 

28,38 

28.38 

189.19 

Total* 

122.10 

181.60 

253.74 

378.74 

391.14 

271.54 

182.04 

135.84 

106.34 

65.44 

2081.05 

*  Totals  may  differ  slightly  from  sum  of  yearly  outlays,  due  to  rounding. 

**  Specific  funding  levels  have  not  been  established  at  this  time. 
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Chapter  3 

High-Performance 
Aluminum  Alloys 


Traditionally,  the  construction  industry  has  largely  limited  its  application  of 
aluminum  to  exterior  building  curtain  wall  and  light  structural  members. 
However,  when  compared  to  other  conventional  structural  materials,  alumi¬ 
num  provides  a  unique  combination  of  light  weight,  ductility,  high  strength, 
and  excellent  resistance  to  corrosion.  It  is  appropriate  to  re-examine  the  oppor¬ 
tunities  to  enhance  the  infrastructure  in  situations  where  this  combination  of 
properties  brings  about  significant  economic  and  technical  improvements. 

Of  the  9-million  ton  annual  domestic  production  of  aluminum  and  aluminum 
alloys,  approximately  14  percent  goes  into  construction  and  approximately  19 
percent  goes  into  transportation.  Thus  aluminum  is  already  often  a  key  material 
for  infrastructure  applications.  The  aluminum  alloy  class  of  materials  is  widely 
respected  for  its  combination  of  strength  and  toughness  in  critical  aerospace 
and  process  industry  structural  applications. 


Traditionally,  the 
construction  industry  has 
largely  limited  its 
application  of  aluminum  to 
exterior  building  curtain 
wall  and  light  structural 
members. 


Unlike  other  metals,  aluminum,  when  exposed  to  air,  forms 
an  unusually  durable  protective  oxide  film  that  protects  its 
surface  from  corrosion.  Alloying  aluminum  further  extends 
its  serviceability  for  applications  requiring  high  strength  and 
toughness  as  well  as  durability  in  severe  weather  and/or 
environmental  conditions.  These  characteristics  can  be 
effectively  used  in  vital  infrastructure  applications.  As  one 
example,  industry  experts  calculate  that  extending  the  life  of 
10  percent  of  the  approximately  575,000  bridges  in  the  U.S. 
with  aluminum  alloy  bridge  decks  (for  an  average  279  sq.  m. 

[3,000  sq.  ft.]  per  bridge)  would  produce  replacement  and 
maintenance  cost  savings  of  in  excess  of  $100  billion. 

What  are  High-Performance  Aluminum  Alloys? 

Aluminum  is  an  engineered  material:  its  properties  can  be 
tailored  to  the  requirements  of  the  specific  construction.  Today’s  aluminum 
alloys  range  in  applications  from  automotive  “bodies  in  white”  to  highly 
durable  machine  parts.  High-performance  aluminum  alloys  bring  many 
advantages  to  the  construction  industry,  including  one  or  more  of  the  follow¬ 
ing: 

•  Lightweight 

•  High  strength 

•  Superior  corrosion  resistance 

•  Ready  fabrication 

•  Recyclability 


Internal  structure  of  aluminum  dear-span  roof  for  waste  water  treatment 
clarifier. 
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•  Workability  and  process  capability 

•  Toughness  and  strength  at  subzero  temperatures 


Aluminum's  great 
resistance  to  corrosion 
minimizes  maintenance 
expense,  and  assures  long 
life  at  high  performance. 


Properties  and  Benefits  of  High-Performance  Aluminum 
Alloys 

Aluminum’s  low  density,  onc-third  that  of  many  traditional  load-bearing 
materials,  allows  for  quick  retrofit  to  extend  existing  bridge  life,  upgrades  in 
load-carrying  capacity,  and  reduced  energy  consumption.  Its  weight  also 
reduces  transportation  and  handling  energy  and  costs.  In  addition,  aluminum’s 
great  resistance  to  corrosion  minimizes  maintenance  expense,  and  assures  long 
life  at  high  performance. 

Structural  aluminum  alloys  arc  readily  welded,  easily  machined  and  formed, 
and  may  be  finished  by  a  great  variety  of  methods,  allowing  for  great  flexibility 
in  fabrication  options.  The  extrusion  process  is  especially  valuable  in  enabling 
designers  to  tailor  shapes  to  optimum  configurations,  placing  the  metal  in 
position  to  carry  the  most  load  or  increase  stiffness.  The  easy  recyclability  of 
aluminum  increases  scrap  values  and  offers  flexibility  in  rc-usc  options  at  end 
of  service  life.  Finally,  aluminum  alloys  are  as  strong  or  stronger  than  mild 
steels  and  much  stronger  than  concrete,  permitting  direct  substitution  with 
equal  or  improved  structural  performance. 

Wliile  some  optimization  of  aluminum  alloys  and  production  processes  would 
further  enhance  their  applicability  to  infrastructure  applications,  the  application 
of  these  alloys  at  their  present  performance  level  to  upgrade  and  extend  the  life 
of  U.S.  bridges  would  have  great  economic  impact. 


Current  Constraints  to  High-Performance  Aluminum 
Alloy  Use 


Aluminum  girder  bridge  structure,  Sunrise  Highway  Overpass,  New  York 


The  principal  reason  why  aluminum  alloys  are  not  more  widely  used  for  major 
highway  structures,  including  retrofit  bridge  decks,  is  their  relatively  high  cost 
compared  to  steel  and  concrete  construction.  Aluminum  construction  first  cost 
is  typically  1.5  to  2  times  that  of  steel  and/or  concrete,  and  so 
significant  savings  must  be  made  elsewhere  to  justify  its  use. 
The  retrofit  of  bridge  decks  to  extend  the  life  of  existing  steel 
and  concrete  bridges  is  one  major  opportunity  for  such  savings; 
this  application  would  be  enhanced  by  developments  to  further 
reduce  the  cost  of  the  aluminum  construction. 

Technical  barriers  to  reducing  the  cost  of  using  aluminum 
alloys  for  more  infrastructure  applications  include  (a)  the  need 
for  more  efficient  welding  and  joining  procedures,  (b)  limited 
fatigue  data  covering  hea\y-duty  highway  loadings,  and  (c)  the 
limited  application  of  mathematical  modeling  of  aluminum 
bridge  design  and  behavior  to  enable  understanding  of  seismic 
effects.  The  low  mass  of  aluminum  bridge  decks  may  actually 
be  a  very  positive  contributor  to  enhanced  seismic  perfor¬ 
mance,  but  the  analyses  of  such  problems  are  not  available. 
Although  some  aluminum  bridges  have  been  in  service  for 
more  than  30  years,  more  definitive  data  is  required  to  illustrate  the  perfor¬ 
mance  of  a  wider  range  of  designs  and  service  loadings. 


Like  most  improvements  in  the  construction  industry,  focused  university  and 
post-college  education  and  training  will  be  the  keys  to  the  successful  and 
continued  use  of  aluminum  alloys.  Aluminum  alloys  are  too  closely  identified 
with  the  packaging  markets;  thus,  the  use  of  alloys  in  the  construction  market 
is  often  overlooked.  The  application  of  aluminum  alloys  to  major  structures  is 
often  hindered  by  engineers’  and  designers’  lack  of  awareness  of  aluminum 
alloys’  properties  and  performance.  Designers  have  also  tended  to  overlook 
their  broad  use  in  pressure  vessel  and  aircraft  applications. 

As  important  as  it  is  to  address  the  economic  and  technical  barriers  to  increased 
use  of  aluminum  in  infrastructure,  the  educational  and  training  barriers  are  just 
as  great,  and  are  addressed  in  a  major  way  in  the  program  outline  below. 

Centers  of  Excellence  for  High-Performance  Aluminum 
Alloy  Research  and  Technology  Transfer 

To  address  the  education  and  training  issues  noted  above  and  develop  the 
expertise  for  the  mathematical  modeling  and  analytical  needs  identified, 
industry  and  government  should  partner  to  establish  an  aluminum  center 
of  excellence  for  infrastructure  design.  The  establishment  of  a  center  is  critical, 
since  research  and  commercialization  objectives  require  consistent  and  knowl¬ 
edgeable  focus  over  a  period  of  years,  especially  in  the  fields  where  the  indi¬ 
vidual  companies  no  longer  have  great  depth  of  expertise.  The  existence  of 
such  a  center  would  also  ensure  that  the  progress  made  in  recent  years  on 
optimizing  the  capabilities  of  high-performance  aluminum  alloys  are  effectively 
implemented  in  infrastructure  applications. 


As  important  as  it  is  to 
address  the  economic  and 
technical  barriers  to 
increased  use  of  aluminum 
in  infrastructure,  the 
educational  and  training 
barriers  are  just  as  great 


Coordinated  Development  Programs  on  Aluminum 


Implementing  a  series  of  well-focused  programs  of  the  types 
outlined  below,  along  with  the  creation  of  the  Center  of 
Excellence  for  Infrastructure  Design  noted  above,  will  also 
help  optimize  designs  and  performance  capabilities.  Consis¬ 
tent  funding  over  the  next  ten  years  will  be  a  vital  element  of 
the  success  achieved.  The  activities  would  fall  into  the 
following  individual  program  areas: 

•  Innovative  Aluminum  Alloy  Bridge  Technology 

•  Aluminum  Earthquake-Resistant  Structures 

•  Enhanced  Aluminum  Welding  and  Joining  Technology 

•  Advanced  Aluminum  Alloy  Net-Shape  Production  Technology 

■  Extrusion  Technology 

■  Forging  Technology 

■  Casting  Technology 


Aluminum  roof  structures  for  municipal  waste  water  treatment  plant 
facilities. 
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Current  Projects  Demonstrating  High-Performance 
Aluminum  Alloys^  Effectiveness 

Progress  in  the  development  of  design  and  fabrication  technology  for  high- 
performance  aluminum  alloys  has  already  been  made  on  the  laboratory  scale. 
Developing  these  projects  on  a  commercial  scale  promises  improvements  and 
cost  savings  for  the  construction  industr)^.  For  example,  automated  welding 
technology  developed  by  Professor  Valdemar  Malin  of  the  Building  Industrial 
Research  Laboratory  (BIRL)  at  Northwestern  University  offers  the  potential,  if 
commercializable,  to  halve  the  cost  of  welding  aluminum  bridge  decks 
and  increase  the  consistency  of  high  weld  quality,  thus  reducing  the  amount  of 
repair  welding  needed. 

Another  research  project  modifying  the  design  of  aluminum  bridge  decks  by 
Swedish  inventor  Lars  Svensson  reduces  the  cost  of  aluminum  retrofit 
decks  to  near  a  trade-off  with  concrete  and  steel  decks 


Interior  of  aluminum  geodesic  dome  roof  structure  for  gymnasiums, 


auditoriums  and  convention  centers. 


insofar  as  first  cost  is  concerned.  The  Rc^yal  Swedish  Institute 
of  Technology^  continues  to  test  and  evaluate  these  new 
designs  in  prototype  installations. 

Experimental/semi-commercial  Al-Si-Mg  alloys  6070  and 
6071  have  demonstrated  up  to  20  percent  higher  strengths 
than  those  of  6061  and  6063,  the  standards  for  aluminum 
alloy  welded  structures.  Thus  far,  the  strengths  of  welds  in 
these  alloys  have  not  been  increased  proportionately.  A  combi¬ 
nation  of  enhanced  joining  technology  and  these  advanced 
aluminum-magnesium-silicon  alloys  could  further  enhance 
the  advantages  for  aluminum  retrofit  bridges. 
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Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Establish  Center  of  Excellence 

10 

$1,400,000 

Establish  lecture  series 

4 

50,000 

Documentation  of  existing  aluminum 

1 

250,000 

bridges 

Bridge  deck  replacement  demonstration 

10 

500,000 

Aluminum  beam  bridge  evaluation 

1 

250,000 

Advanced  Highv/ay  bridge  deck  concept 

5 

250,000 

Earthquake  loading  structural  analysis 

2 

250,000 

Earthquake  resistant  demonstration 

10 

750,000 

Welding  database 

10 

1,000,000 

Acoustic  emission  weld  evaluation 

5 

200,000 

Laser  welding 

2 

250,000 

Prototype  mobile  robotic  welding 

5 

200,000 

Innovative  extrusion  technology 

8 

333,333 

Innovative  forgings 

8 

333,333 

Innovative  casting  technology 

8 

333,334 

Year  1  Total  $6,350,000 

Cumulative  Total  $6,350,000 

2 

Establish  Center  of  Excellence 

10 

$1,400,000 

Establish  lecture  series 

4 

50,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Advanced  Highway  bridge  deck  concept 

5 

1,000,000 

Earthquake  loading  structural  analysis 

2 

250,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Acoustic  emission  weld  evaluation 

5 

200,000 

Laser  welding 

2 

250,000 

Prototype  mobile  robotic  welding 

5 

200,000 

Innovative  extrusion  technology 

8 

333,333 

Innovative  forgings 

8 

333,334 

Innovative  casting  technology 

8 

333,333 

Year  2  Total  $6,350,000 

Cumulative  Total  $12,700,000 

3 

Establish  Center  of  Excellence 

10 

$1,250,000 

Establish  lecture  series 

4 

50,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Advanced  Highway  bridge  deck  concept 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Acoustic  emission  weld  evaluation 

5 

200,000 

Prototype  mobile  robotic  welding 

5 

200,000 

Innovative  extrusion  technology 

8 

333,334 

Innovative  forgings 

8 

333,333 

Innovative  casting  technology 

8 

333,333 

Year  3  Total  $5,700,000 

Cumulative  Total  $18,400,000 
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Year 

Project 

Duration 
(in  years) 

Cost 

4 

Establish  Center  of  Excellence 

10 

$500,000 

Establish  lecture  series 

4 

50,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Advanced  Highv/ay  bridge  deck  concept 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Acoustic  emission  weld  evaluation 

5 

200,000 

Prototype  mobile  robotic  welding 

5 

200,000 

Innovative  extrusion  technology 

8 

333,333 

Innovative  forgings 

8 

333,333 

Innovative  casting  technology 

8 

333,334 

Year  4  Total  $4,950,000 

Cumulative  Total  $22,350,000 

5 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Advanced  Highway  bridge  deck  concept 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Acoustic  emission  weld  evaluation 

5 

200,000 

Prototype  mobile  robotic  welding 

5 

200,000 

Innovative  extrusion  technology 

8 

333,333 

Innovative  forgings 

8 

333,334 

Innovative  casting  technology 

8 

333,333 

Year  5  Total  $4,900,000 

Cumulative  Total  $28,250,000 

6 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Long  span  highway  bridges 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Innovative  extrusion  technology 

8 

333,334 

Innovative  forgings 

8 

333,333 

Innovative  casting  technology 

8 

333,333 

Year  6  Total  $4,500,000 

Cumulative  Total  $32,750,000 

7 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Long  span  highway  bridges 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Innovative  extrusion  technology 

8 

333,333 

Innovative  forgings 

8 

333,333 

Innovative  casting  technology 

8 

333,334 

Year  7  Total  $4,500,000 

Cumulative  Total  $37,250,000 

Year 

Project 

Duration 
(in  years) 

Cost 

8 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Long  span  highway  bridges 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

$500,000 

Innovative  extrusion  technology 

8 

166,666 

Innovative  forgings 

8 

166,666 

Innovative  casting  technology 

8 

166,666 

Year  8  Total  $4,000,000 

Cumulative  Total  $41,250,000 

9 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Long  span  highway  bridges 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Year  9  Total  $3,500,000 

Cumulative  Total  $44,750,000 

10 

Establish  Center  of  Excellence 

10 

$500,000 

Bridge  deck  replacement  demonstration 

10 

500,000 

Long  span  highway  bridges 

5 

1,000,000 

Earthquake  resistant  demonstration 

10 

1,000,000 

Welding  database 

10 

500,000 

Year  10  Total  $3,500,000 
Cumulative  Total  $48,250,000 
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Chapter  4 

High-Performance 
Coating  Materials 

Many  construction  materials,  particularly  steel  and  concrete,  are  susceptible  to 
the  corrosive  effects  of  moisture,  salts  and  chemicals.  Organic  coatings  provide 
versatile,  cost-effective  means  for  protection  of  structures  against  adverse 
environmental  conditions.  The  alternatives  to  coatings  are  shortened  service 
lives  and  expensive  design  options. 

Without  the  protection  that  is  currently  provided  by  coatings,  our 
public  works  infrastructure  system  would  have  had  a  very  significant 
decrease  in  its  service  life.  For  example,  a  pipeline  coated  with  a  high- 
performance  coating  such  as  inorganic  zinc  can  last  without  corrosion  for  forty 
years  or  more,  such  is  the  case  with  the  Morgan-Whyhalla  pipeline  in  Australia. 

By  way  of  contrast,  a  poor  choice  of  coating  can  lead  to  early  corrosion  after  ten 
years,  as  seen  with  the  Alaska  pipeline. 

What  Are  High-Performance  Coatings? 

Engineers  often  use  coatings  in  order  to  protect  structures  against  corrosion 
and  excessive  wear  and  tear.  Most  coatings  are  thin  layers  of  materials  that  are 
directly  applied  to  the  surfaces  of  structures.  A  coating  can  also  serve  other 
purposes,  such  as  maintaining  and  enhancing  appearance,  energy 
conservation,  or  color  coding  for  safety.  Coating  materials,  collectively 
with  the  surface  preparation  methods  e.g.,  sand  blasting,  and  applica¬ 
tion  techniques  such  as  liquid  and  plasma  spray  procedures,  make  up 
the  essence  of  the  coating  industry.  High-performance  coatings 
provide  one  or  more  of  the  following: 

•  Prolonged  service  life  up  to  double  that  of  normal  coatings 

•  Near  total  prevention  of  corrosion 

•  Resistance  to  abrasion 

•  Resistance  to  high  temperatures 

•  Resistance  to  aggressive  chemicals,  acids 

•  Resistance  to  high  humidity 

•  Resistance  to  immersion  in  natural  waters 

•  Resistance  to  fading/cracking  caused  by  sunlight 

Although  coatings  have  served  the  construction  industry  well,  the 
current  state-of-the-art  may  not  meet  anticipated  demands  without  a 
significant  research  effort.  Ensuring  environmental  compatibility, 
adhesion  to  new  and  high-performance  structural  materials,  cost- 
effectiveness,  and  energy  efficient  surface  preparation  techniques  are  key  goals. 

High-performance  coatings  will  fulfill  the  requirements  set  by  the  above- 

3  I 

Coating  Materials 


Although  coatings  have 
served  the  construction 
industry  well,  the  current 
state-of-the-art  may  not 
meet  anticipated  demands 
without  a  significant 
research  effort 


...performance  relates  to 
specific  coating  system 
attributes  like  temperature 
resistance  or  immunity  to 
specific  chemicals... 


Example  of  containment  ventilation  system  on 
leg  of  water  tower. 


mentioned  prerequisites.  These  new  materials  will  be  life-cycle  cost  efficient, 
longer  lasting,  compatible  with  a  variety  of  new  and  existing  construction 
materials,  and  environmentally  acceptable. 

Applications  of  High-Performance  Coatings 

Coatings  find  use  in  many  applications  in  the  infrastructure.  Contrasting 
applications  like  interior  linings  on  flue  gas  scrubbers  and  exterior  coatings  for 
bridges  both  demand  high  performance.  Other  high-performance  applications 
include  galvanized  highway  guard  rail  and  coating  of  concrete  dikes  for  second¬ 
ary  containment  of  chemical  process  areas.  Bridges,  water  towers,  and  other 
public  structures  all  receive  protection  and  life  extension  from  high-perfor¬ 
mance  coatings.  High-performance  coating  formulations  must  meet  extremely 
wide  functional  and  protective  requirements,  such  as  resistance  to  different 
chemical  and  environmental  conditions  and  suitability  for  different  types  of 
substrates.  A  major  advantage  of  a  coating  is  that  it  conforms  to  the  shape  and 
form  of  the  structure  requiring  protection.  These  formulations  also  adapt  to  the 
varied  application  methods  like  liquid  spray,  powder  bonding,  plasma  spray, 
dipping  or  immersion.  Specific  formulations  will  allow  coating  applications  and 
cure  under  variable  settings  and  weather  conditions. 

Properties  and  Benefits  of  High-Performance  Coatings 

Coating  systems,  as  defined  earlier,  pertain  to  the  coating  materials  and  the 
surface  preparation  and  application  processes  for  achieving  protection  against 
premature  wear  and  tear.  Furthermore,  coating  systems  are  application  specific, 
and  they  arc  selected  according  to  key  environmental  conditions  explicit  to  the 
application.  Therefore,  the  properties  of  high-performance  coatings  vary 
according  to  the  application,  i.e.,  the  function  and  type  of  structure,  and  the 
structure’s  scrvdcc  environment.  In  summary,  performance  relates  to  specific 
coating  system  attributes  like  temperature  resistance  or  immunity  to  specific 
chemicals  (c.g.,  sulfides  and  chlorines).  It  also  includes  tolerance  for  marginally 
prepared  surfaces,  and  application  under  adverse  environmental  conditions. 
High  performance  for  specific  applications  demands  a  combination  of  high- 
performance  materials  and  processes.  These  include: 

•  Advanced  surface  preparation  methodologies,  such  as  laser  and  microwave 
surface  cleaning  techniques 

•  Application  of  multi-layered  materials  composed  of  zinc-rich  primers  in  very 
corrosive  environments,  with  polyurethane  topcoats  for  protection  against 
water  penetration 

•  Advanced  coating  application  techniques  such  as  electrostatic  or  airless 
sprays,  and  robotics  for  specialized  applications 

A  key  characteristic  of  the  proposed  research  and  technology  deployment 
program  is  the  development  of  such  new  materials,  methods,  and  technologies.. 

Development  of  High-Performance  Coating  Materials 

State-of-the-art  protective  coatings  in  the  infrastructure  do  not  fit  one  kind  or 
type.  Some  specialized  coatings  find  use  in  extreme  conditions.  Examples 
include  the  insulating  heat  shield  for  the  space  shuttle,  or  chemically  resistant 
linings  for  flue  gas  desulfurization  units  (power  plant  scrubbers).  Such  exotic 
coatings  exhibit  very  high  performance  yet  arc  produced  in  extremely  small 
volumes.  They  are  very  exq^ensivc  and  not  affordable  for  most  infrastructure 
needs.  For  conventional  use,  the  state  of  the  art  is  liquid-applied  two  or  three 


layer  systems.  The  state-of-the-art  primer  coat  is  typically  a  zinc-filled  silicate 
or  a  chemically  cured  epoxy  The  topcoat  is  a  polyurethane.  Use  of  thermal 
spray  metallic  aluminum  or  zinc  coatings  is  also  increasing,  particularly  in 
military  applications.  Such  “flame-sprayed”  metallic  films  show  very  high 
resistance  to  marine  corrosion. 


For  evaluation  and  prediction  of  performance,  the  ASTM  B- 
117  salt  spray  test  is  the  de  facto  standard  among  so-called 
cabinet  tests.  These  laboratory  exposures  create  an  aggressive 
artificial  exposure  environment.  Unfortunately  ASTM  B-117 
uses  a  constant  high  temperature  environment  where  coated 
panels  receive  a  high  concentration  salt  spray  which  is  highly 
unrealistic.  Cyclic  corrosion  accelerated  tests  represent  the 
state  of  the  art;  their  popularity  is  increasing.  Cyclic  tests 
typically  use  far  lower  concentration  salt  solutions  to  induce 
corrosion.  In  addition,  these  cyclic  tests  put  coatings  through 
wetting  and  drying  cycles,  and  often  incorporate  exposure  to 
humidity  and  ultraviolet  light.  Preliminary  results  show 
improved  agreement  between  performance  in  the  artificial 
test  and  the  much  longer  real  time  exposure. 


Cyclic  Corrosion  Tester 


There  are,  however,  still  no  accepted  standards  for  these 

cyclic  methods.  Many  users  also  question  the  reliability,  relevance  and  accuracy 
of  these  methods.  This  is  largely  clue  to  a  lack  of  comparative  data.  Another 
area  showing  promise  is  nondestructive  evaluation  (NDE)  of  coating  and 
substrate  condition.  Lack  of  availability  of  portable,  reliable  hardware  for  field 
use,  or  user-friendly  software  to  process  and  interpret  the  results  hinders 
acceptance  of  these  newer  methods.  A  lack  of  demonstration  of  the  benefits 
and  validity  of  these  techniques  further  limits  their  appeal.  Finally,  there  is 
considerable  interest  in  Electrochemical  Impedance  Spectroscopy  (EIS)-  a 
method  that  probes  fundamental  characteristics  of  the  coating  film  such  as 
permeability.  Efforts  to  develop  portable  devices  receive  continued  scrutiny  by 
coating  test  laboratories. 

Air  atomizing  and  airless  spray  and  modifications  are  dominant  for  application 
equipment.  Some  specialized  techniques  include  high  volume,  low  pressure 
and  electrostatic  spray.  Use  of  robotics  is  very  limited,  even  for  shop  applica¬ 
tions  on  structural  steel.  With  new  volatile  organic  compound  (VOC) -compli¬ 
ant  coatings  there  is  also  the  risk  of  excessive  film  build. 


Another  area  showing 
promise  is  nondestructive 
evaluation  (NDE)  of 
coating  and  substrate 
condition. 


Due  to  concerns  about  VOC’s,  most  materials  for  protection  of  civil  structures 
are  now — or  soon  will  be — ^VOC  compliant.  This  has  two  direct  impacts  on 
coating  formulation.  First,  coating  formulations  will  contain  less  solvent.  The 
trend  is  to  use  either  high  solids  solvent-borne,  or  waterborne,  water-soluble 
coatings.  The  choice  will  also  dictate  application  techniques.  Predicted  future 
trends  include  increased  use  of  plural  component  application  equipment,  or 
high  volume/low  pressure  (HVLP)  application  equipment.  Second,  concerns 
about  heavy  metal  pigments  in  protective  or  decorative  coatings  have  fueled  the 
movement  to  either  find  effective  non-toxic  substitutes  for  anti-corrosive 
pigments,  or  move  to  the  use  of  effective  barrier  pigmentation  in  place  of  heavy 
metal,  anti-corrosive  pigments. 
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departments  of 
transportation  have  a 
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means  for  lead  paint 
removal. 
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Carnegie  Mellon  University 
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Technology 

Batelle  Memorial  Institute 

Sealant,  Waterproofing  and 
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Institute 

Pennsylvania  State  Applied 
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Current  Constraints  to  High-Performance  Coating  Use 

The  major  limitations  of  currently  used  protective  coating  systems  are  mainly 
technical  constraints.  These  include  applying  ultra-high  performance  materials, 
removing  hazardous  materials,  improving  coating  durability,  and  evaluating 
performance  and  coating  condition.  Techniques  for  applying  ultrahigh-perfor- 
mance  materials — namely,  powder  epoxy  coatings  or  thermal  spray  metallic 
powders  are  limited  to  shop-type  operations.  They  require  adaptations  to  field 
use,  where  there  is  the  greatest  need  for  application  of  coatings.  Other  required 
improvements  include  the  portability  and  ease  of  use  of  this  type  of  application 
equipment.  Improved  tolerance  of  these  new  coatings  to  field  application,  and 
their  cure  under  variable  weather  conditions  merits  attention.  Because  of  the 
prevalence  of  lead  pigments  (which  arc  highly  hazardous  to  workers)  on  many 
existing  structures,  the  cost  of  maintenance  and  rehabilitation  has  become 
significant.  Improved  techniques  arc  needed  to  remove  and  dispose  of  the  lead 
and  other  hazardous  materials,  which  will  limit  both  worker  exposure  and 
contamination  of  the  environment,  greatly  reducing  maintenance  costs. 

In  certain  severe  exq^osure  environments,  conventional  coating  systems  often 
have  limited  durability.  This  type  of  service  (e.g.,  high  temperatures,  salt 
exT)osurc,  and  interiors  of  process  vessels)  demands  new  coating  materials.  In 
addition,  the  challenge  is  to  develop  materials  that  meet  future  restrictions  on 
VOC’s  hazardous  air  pollutants  (HAPS),  and  heavy  metals.  The  methodology 
for  evaluating  and  predicting  coating  performance  is  currently  inadequate.  Our 
understanding  of  the  mechanisms  of  coating  failure  and  degradation  is  pro¬ 
gressing,  but  still  needs  improvement.  Critical  needs  exist  for  improved  and 
validated  short-term  testing  of  high-performance  coatings,  and  for  means  to 
assess  the  performance  of  coatings  in  situ.  However,  most  of  these  constraints 
can  be  lessened  by  more  funded  research  and  application. 

Current  Projects  Demonstrating  Use  of  High-Performance 
Coatings 

High-performance  coatings  arc  under  examination  at  a  number  of  centers.  The 
Steel  Structures  Painting  Council  (SSPC)  is  currently  engaged  in  analysis  of 
the  value  of  flamc-spraycd  thermoplastic  copolymers  for  structural  steel  coating 
repairs.  This  is  work  on  behalf  of  the  National  Cooperative  Highway  Research 
Program  (NCHRP).  The  National  Aeronautics  and  Space  Agency  (NASA)  is 
involved  in  two  key  projects.  The  first  one  (from  the  Cape  Kennedy  facility)  is 
examining  next  generation  waterborne  inorganic  zinc  rich  primers.  The  second 
project  now  in  the  hands  of  the  technology  transfer  division  is  seeking  develop¬ 
ment  of  a  totally  new  concept  in  polymer  coatings-conductivc  polymer  prim¬ 
ers.  These  show  great  promise  in  providing  excellent  protection  of  immersed  or 
static  structures  from  corrosion. 

High-performance  coatings  and  high-performance  coating  processes  are 
finding  use  in  many  civil  infrastructure  projects.  For  example,  highway  depart¬ 
ments  of  transportation  have  a  strong  need  for  an  environmentally  sound 
means  for  lead  paint  removal.  Each  lead  paint  removal  project  is  a  test-bed  for 
state-of-the-art  concepts  in  dustless  surface  preparation  or  containment.  Each 
and  every  scrubber  installation  for  a  utility  power  plant  requires  high-perfor¬ 
mance  coatings  or  linings.  Many  current  pipeline  installations  now  use  powder 
deposited  epoxy  coatings,  placed  over  chemically  clean  surfaces. 
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_ — Agency 


rt  "o 

.y  c 

g-u 

^  d) 


c  >> 
o  bO 

rt  o 
.y  c 

5  ■£ 

Q.  <u 

<  »- 


oS 

T3  ^ 
<U  . - 
>  := 
p 


E  ^ 

^  O  Ol 


OJ 


2-  ^ 
Q.  r 

i 


<u 

c 

00 


o 


E 


a.  ”3 
"O  (Z 

oo  ^ 
o  '»«  o 
^  a>  ^ 
Q_  “O  Q. 


-g 


:=  S' 

3  S 
£  ^ 


0^ 

■o 

3 

OQ 


^  ^  ' 


>  i 

tW) 

J  I 

"G  c= 

CL>  O 

*o  i-t:; 


a>  oj 


w  Hi  E 


^  E  rt 

w  O'*  r— 


5 

rd  a^ 


rs 

o 

k. 

Q. 

5- 


.'ti  "O 

^  -S 


£l  «x> 

Q-  ^ 

*  ro 


ro  “  S 
-O  -g  W 
“o  Q.  :S 


rd  *-'  ‘z: 


o  .’tr  — ' 


-*;i  -o  p 


i  £  E 
^  ’B  ^  ^ 


I—  p  o 

.  Q- 

"O  ^  ^ 

OO  -C  .5 

^  E 

_  3 

re  ®  ?d 
8^-0 
Ci.  C 

Q.  o  re 
re  — 

"o  -o 

o^  -E  o 
re  c=  E 
-Cl  8  — 

Si) 

"o  : 


Si  ^ 


a> 


-fc-  re 


=  •—  "8  .2i 
"  £  re  “o 

■g  re  *=  -Q 
rt  E  «  oo 

■O  .  vr.  c 

re  o  ti 


1-  S-  o  "g 
'S  re 

“O  c  S 
a>  O  “O 


re  re  ^  ^ 


»-  -o 
o 

re  ^ 


re  ^ 

■T=  o  E 

c  ^  cri 


S' 

o 


^  is 

“O  ^ 
c  o_ 
re  g; 


c; 

S 

o. 


re 

"O  OJ 

re  p 


Q. 

O 


U)  <U 

MS 

o 

ra  c 
o  o 
o 


V) 

‘S  . 

"I 

J?  c 

o  < 


tr  e 

ai 

0_  QJ 
X 


«l 

<5  c 

o  < 


O  “O  t 

“S  s  ^ 

>■  o  ^ 
cu  £l  oi 


:8  c 
=  iS 


<3 

rt  C 

o  < 


So 

o  »- 

9  'Si 


^  9  ^  E 


So 

_o 
o  , 


39 

Coating  Materials 


Coatings  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Atmospheric  environment  -  Improved 

10 

$1,500,000 

Characterization 

Improved  Laborato^  &  Field  Characterization 

1 

1,714,000 

Methods 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Improve  Existing  Surface  Preparation  Methods 

3 

667,000 

Assessing  Effectiveness  of  Overcoating  Materials 

4 

500,000 

Standard  Data  Forms  &  Procedures 

5 

500,000 

Identify  &  Evaluate  New  Application  Processes 

3 

356,000 

Identify  Areas  of  Inadequacy 

3 

167,000 

Year  1  Total  $7,004,000 

Cumulative  Total  $7,004,000 

2 

Atmospheric  environment  -  Improved 

10 

$1,500,000 

Characterization 

Improved  Laborato^  &  Field  Characterization 

7 

1,714,000 

Methods 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Improve  Existing  Surface  Preparation  Methods 

3 

667,000 

Assessing  Effectiveness  of  Overcoating  Materials 

4 

500,000 

Standard  Data  Forms  &  Procedures 

5 

500,000 

Identify  &  Evaluate  New  Application  Processes 

3 

356,000 

Identify  Areas  of  Inadequacy 

3 

167,000 

New  Coating  Materials 

8 

2,500,000 

Develop  &  Evaluate  Innovative  Methods  for 

5 

1,000,000 

Surface  Preparation 

Concrete  Coatability 

6 

667,000 

Improved  Removal  Methods  for  Lead  Pigmented 

5 

600,000 

Coatings 

Integrated  Waste  Handling  Processes 

5 

500,000 

Expert  System  for  Coating  Lifetime  Prediction 

5 

500,000 

Improved  Condition  Assessment  Methods 

5 

600,000 

Technology  Evaluation  -  Application  Methods  to 

3 

333,000 

Meet  VOC  emission  requirements 

Year  2  Total  $13,704,000 

Cumulative  Total  $20,708,000 
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CERF 


Year 

Project 

Duration 
(In  years) 

Cost 

3 

New  Coating  Materials 

8 

$2,500,000 

Atmospheric  environment  -  Improved 
Characterization 

10 

1,500,000 

Improved  Laboratory  &  Field  Characterization 
Methods 

7 

1,716,000 

Develop  &  Evaluate  Innovative  Methods  for 

Surface  Preparation 

5 

1,000,000 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

Fundamental  Coating  Properties  & 

Degradation  Modes 

10 

800,000 

Evaluation  of  Secondary  Containment  Coating 
Systems 

5 

750,000 

Concrete  Coatability 

6 

667,000 

Improved  Removal  Methods  for  Lead  Pigmented 
Coatings 

5 

600,000 

Improve  Existing  Surface  Preparation  Methods 

3 

666,000 

Assessing  Effectiveness  of  Overcoating  Materials 

4 

500,000 

Standard  Forms  &  Procedures 

5 

500,000 

Integrated  Waste  Handling  Processes 

5 

500,000 

Expert  System  for  Coating  Lifetime  Prediction 

5 

500,000 

Provide  Objective  Measures  of  Visible  &  Chemical 
Surface  Cleanliness 

4 

500,000 

Methods  to  Assess  Current  Condition  of  Lead 
Pigmented  Coatings 

8 

500,000 

Demonstrate  New  Coating  Systems  in  Field 

6 

500,000 

Improved  Condition  Assessment  Methods 

5 

600,000 

Guide  Material  Standardization 

4 

375,000 

Technology  Evaluation  -  Application  Methods  to 

Meet  VOC  emission  requirements 

3 

334,000 

Electronic  Clearinghouse  &  Hotline 

5 

240,000 

Identify  Areas  of  Inadequacy 

3 

166,000 

Identify  &  Evaluate  New  Application  Processes 

3 

88,000 

Year  3  Total  $16,302,000 
Cumulative  Total  $37,010,000 
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Coating  Materials 


Year  Project 


Duration 
(in  years) 


Demonstration  Projects 
New  Coating  Materials 
Atmospheric  environment  -  Improved 
Characterization 

Improved  Laborato^  &  Field  Characterization 
Methods 

Develop  &  Evaluate  Innovative  Methods  for 
Surface  Preparation 

Accelerated  Test  &  Service  Life  Predictions 
Investigation  of  Relationship  Between 
fundamental  Coating  Properties  & 
Degradation  Modes 

Evaluation  of  Secondary  Containment  Coating 
Systems 

Concrete  Coatability 

Improved  Removal  Methods  for  Lead  Pigmented 
Coatings 

Assessing  Effectiveness  of  Overcoating  Materials 
Standard  Forms  &  Procedures 
Integrated  Waste  flandling  Processes 
Expert  System  for  Coating  Lifetime  Prediction 
Provide  Objective  Measures  of  Visible  &  Chemical 
Surface  Cleanliness 

Methods  to  Assess  Current  Condition  of  Lead 
Pigmented  Coatings 

Demonstrate  New  Coating  Systems  in  Field 
Training  &  Educational  Programs 
New  Methods  Development 
Improved  Condition  Assessment  Methods 
Guide  Material  Standardization 
Technology  Evaluation  -  Application  Methods  to 
Meet  VOC  emission  requirements 
Video  Tapes,  Publications  &  Other  Media 
Electronic  Clearinghouse  &  Hotline 
Standards  for  Prepared  Concrete  Surfaces 


$5,834,000 

2,500.000 


UIIIIMII 


Year  4  Total  $22,712,000 
Cumulative  Total  $59,722,000 


Year 

Project 

Duration 
(in  years) 

Cost 

5 

Demonstration  Projects 

6 

$5,833,000 

New  Coating  Materials 

8 

2,500,000 

Atmospheric  environment  -  Improved 

10 

1,500,000 

Characterization 

Improved  Laboratory  &  Field  Characterization 

7 

1,714,000 

Methods 

Develop  &  Evaluate  Innovative  Methods  for 

5 

1,000,000 

Surface  Preparation 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Evaluation  of  Secondary  Containment  Coating 

5 

750,000 

Systems 

Concrete  Coatability 

6 

667,000 

Improved  Removal  Methods  for  Lead  Pigmented 

5 

600,000 

Coatings 

Standard  Forms  &  Procedures 

5 

500,000 

Integrated  Waste  Handling  Processes 

5 

500,000 

Expert  System  for  Coating  Lifetime  Prediction 

5 

500,000 

Provide  Objective  Measures  of  Visible  & 

4 

500,000 

Chemical  Surface  Cleanliness 

Methods  to  Assess  Current  Condition  of  Lead 

8 

500,000 

Pigmented  Coatings 

Demonstrate  New  Coating  Systems  in  Field 

6 

500,000 

Training  &  Educational  Programs 

5 

500,000 

New  Methods  Development 

3 

500,000 

Improved  Condition  Assessment  Methods 

5 

600,000 

Guide  Material  Standardization 

4 

375,000 

Video  Tapes,  Publications  &  Other  Media 

5 

300,000 

Electronic  Clearinghouse  &  Hotline 

5 

240,000 

Standards  for  Prepared  Concrete  Surfaces 

6 

200,000 

Year  5  Total  $21,879,000 

Cumulative  Total  $81,601,000 
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Year 

Project 

Duration 
(in  years) 

Cost 

6 

Demonstration  Projects 

6 

$5,834,000 

New  Coating  Materials 

8 

2,500,000 

Atmospheric  environment  -  Improved 

10 

1,500,000 

Characterization 

Improved  Laboratory  &  Field  Characterization 

7 

1,714,000 

Methods 

Develop  &  Evaluate  Innovative  Methods  for 

5 

1,000,000 

Surface  Preparation 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Evaluation  of  Secondary  Containment  Coating 

5 

750,000 

Systems 

Concrete  Coatability 

6 

666,000 

Improved  Removal  Methods  for  Lead  Pigmented 

5 

600,000 

Coatings 

Integrated  Waste  Handling  Processes 

5 

500,000 

Expert  System  for  Coating  Lifetime  Prediction 

5 

500,000 

Provide  Objective  Measures  of  Visible  &  Chemical 

4 

500,000 

Surface  Cleanliness 

Methods  to  Assess  Current  Condition  of  Lead 

8 

500,000 

Pigmented  Coatings 

Demonstrate  New  Coating  Systems  in  Field 

6 

500,000 

Training  &  Educational  Programs 

5 

500,000 

Engineering  Management  System 

3 

500,000 

New  Methods  Development 

3 

500,000 

Improved  Condition  Assessment  Methods 

5 

600,000 

Guide  Material  Standardization 

4 

375,000 

Video  Tapes,  Publications  &  Other  Media 

5 

300,000 

Electronic  Clearinghouse  &  Hotline 

5 

240,000 

Standards  for  Prepared  Concrete  Surfaces 

6 

200,000 

Year  6  Total  $21,879,000 

Cumulative  Total  $I03»480,000 

Year 

Project 

Duration 
(in  years) 

Cost 

7 

Demonstration  Projects 

6 

$5,833,000 

New  Coating  Materials 

8 

2,500,000 

Atmospheric  environment  -  Improved 

10 

1,500,000 

Characterization 

Improved  Laboratory  &  Field  Characterization 

7 

1,714,000 

Methods 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Evaluation  of  Secondary  Containment  Coating 

5 

750,000 

Systems 

Concrete  Coatability 

6 

667,000 

Methods  to  Assess  Current  Condition  of  Lead 

8 

500,000 

Pigmented  Coatings 

Demonstrate  New  Coating  Systems  in  Field 

6 

500,000 

Training  &  Educational  Programs 

5 

500,000 

Engineering  Management  System 

3 

500,000 

Video  Tapes,  Publications  &  Other  Media 

5 

300,000 

Electronic  Clearinghouse  &  Hotline 

5 

240,000 

Standards  for  Prepared  Concrete  Surfaces 

6 

200,000 

Year  7  Total  $17,304,000 

Cumulative  Total  $I20J84,000 

8 

Demonstration  Projects 

6 

$5,833,000 

New  Coating  Materials 

8 

2,500,000 

Atmospheric  environment  -  Improved 

10 

1,500,000 

Characterization 

Accelerated  Test  &  Service  Life  Predictions 

10 

800,000 

Investigation  of  Relationship  Between 

10 

800,000 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Methods  to  Assess  Current  Condition  of  Lead 

8 

500,000 

Pigmented  Coatings 

Demonstrate  New  Coating  Systems  in  Field 

6 

500,000 

Training  &  Educational  Programs 

5 

500,000 

Engineering  Management  System 

3 

500,000 

Video  Tapes,  Publications  &  Other  Media 

5 

300,000 

Standards  for  Prepared  Concrete  Surfaces 

6 

200,000 

Year  8  Total  $13,933,000 

Cumulative  Total  $134,717,000 
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Year 


Project 


Duration 
(in  years) 


Cost 


Demonstration  Projects 

6 

New  Coating  Materials 

8 

Atmospheric  environment  -  Improved 

10 

Characterization 

Accelerated  Test  &  Service  Life  Predictions 

10 

Investigation  of  Relationship  Between 

10 

Fundamental  Coating  Properties  & 

Degradation  Modes 

Methods  to  Assess  Current  Condition  of  Lead 

8 

Pigmented  Coatings 

Standards  for  Prepared  Concrete  Surfaces 

6 

$5,833,000 

2,500,000 


Year  9  Total  $12,133,000 
Cumulative  Total  $146,850,000 


Atmospheric  environment  -  Improved 
Characterization 

10 

$ 

Accelerated  Test  &  Service  Life  Predictions 

10 

Investigation  of  Relationship  Between 
fundamental  CoatingProperties  & 

Degradation  Modes 

10 

Methods  to  Assess  Current  Condition  of  Lead 
Pigmented  Coatings 

oo 

Year  10  Total  $3,600,000 
Cumulative  Total  $150,450,000 


Coatings  Working  Group  Members 


Bernard  R,  Appleman 
Chairperson 

Steel  Structures  Painting  Council 


Jim  Aloye 

Henkel  Corporation 


Harlan  Kline 
Ameron  PCS 


Thomas  Bemecki 

Basic  Industrial  Research  Laboratory  at  Northwestern 
University 

Lee  Bone 

Arco  Exploration  &  Production  Technology 

Simon  K.  Boocock 
Steel  Structures  Painting  Council 

Richard  W.  Drisko 
Consultant 

Richard  Hergenrother 
Miles  Inc. 

Ben  Invergo 
Fosroc 

Ed  J  arret 
Ameron  PCS 

Larry  Kaetzel 

National  Institute  of  Standards  &  Technology 


Mary  E.  McKnight 

National  Institute  of  Standards  &  Technology 

Renee  R.  Moldovan 
Steel  Structures  Painting  Council 

Douglas  P.  Moore 

Arco  Exploration  &  Production  Technology 
Tim  Race 

Army  Construction  Engineering  Research  Laboratory 

Zigurds  V.  Riders 
Sherwin  Williams  Company 

Gary  S.  Settles 

Pennsylvania  State  University 

Ken  Tator 
KTA-Tator  Inc. 

Ernie  Watts 

Binks  Manufacturing  Company 

Daniel  J.  Weinmann 
Shell  Development  Company 
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Chapter  5 

Fiber-Reinforced  Polymer 
Composites 


Fiber-reinforced  polymer  (FRP)  composite  materials  and  structures  are  one  of 
the  key  advanced  technologies  offering  potential  performance,  life  cycle  and 
installed  cost  advantages  for  civil  infrastructure  renewal.  This  technology  is 
currently  practiced  extensively  in  eight  major  market  areas:  transportation, 
corrosion-resistant  equipment,  consumer  and  recreation  products,  electrical 
and  electronic  equipment,  construction  applications,  appliance  and  equipment 
parts,  and  marine  and  aerospace/defense  products.  In  addition,  over  the  last  25 
years,  hundreds  of  thousands  of  underground  metal  storage  tanks  have  been 
replaced  with  fiber-reinforced  composite  structures,  which  now  claim  over  90 
percent  market  share. 

What  are  FRP  Composites? 

Composite  materials  are  created  through  the  combination  of  two  or  more 
materials.  In  the  case  of  fiber-reinforced  and  some  other  composites,  one 
serves  as  the  reinforcement  for  the  other  which  serves  as  the  matrix.  The 
reinforcement  provides  the  primary  strength,  and  the  matrix  holds  the  rein¬ 
forcement  in  its  proper  orientation  to  give  optimum  properties.  The  first 
known  use  of  man-made  composite  materials  involved  making  bricks  of  straw 
and  clay.  An  example  of  composite  use  in  the  construction  industry  is  the  use 
of  steel  reinforcing  bars  (rebars)  in  a  concrete  matrix. 


...a  new  high-performance 
class  of  materials — fiber- 
reinforced  polymer  matrix 
composites — can  be 
designed  to  give  unique 
combinations  of  light 
weight,  high  strength,  high 
stiffness,  strong  resistance 
to  corrosion,  resistance  to 
fatigue,  and  parts 
consolidation. 


Over  the  past  50  years,  scientists  and  engineers  have  developed  man-made 
fibers  (glass,  boron,  carbon,  and  aramid)  and  polymer  resins 


(thermoplastic/thermoset  of  a  variety  of  chemical  composi¬ 
tions)  which  go  into  making  a  new  high-performance  class  of 
materials  -  fiber-reinforced  polymer  matrix  composites — that 
can  be  designed  to  give  unique  combinations  of  light  weight, 
high  strength,  high  stiffness,  strong  resistance  to  corrosion, 
resistance  to  fatigue,  and  parts  consolidation. 

Applications  of  FRP  Composites 

These  materials,  through  tailored  design,  have  a  consistent 
track  record  of  providing  better  product  performance  than 
conventional  materials  for  applications  ranging  from  space 
flight  vehicles  and  missiles,  military  and  commercial  aircraft, 
automotive  components,  and  boats  to  consumer  and  indus¬ 
trial  applications.  For  example,  FRP  composites  can  be  used 
in  bridge  decks,  offshore  oil  platforms,  water  treatment  plant 


components,  and  in  marine  infrastructure  systems.  To  date, 

FRP  composites  have  been  used  in  the  construction  industry  for  largely  non- 


structural  applications  (panels,  glazing,  bathtubs).  One  notable  exception  is 
underground  storage  tanks.  As  noted  above,  over  the  last  25  years,  hundreds  of 
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Courtesy  of Mymer Bridge  Systems,  Inc. 


This  market  shift  did  not 
come  easily;  it  took  a 
substantial  amount  of 
communication  between 
the  composites  industry 
and  construction  industry 
followed  by  a  significant 
amount  of  product 
development,  structural 
engineering,  and 
manufacturing  process 
development  to  optimize 
the  product  and  cost 
effectiveness. 


Composite  marine  fender  piling  that 
uses  100  percent  recycled  polymer. 


thousands  of  underground  metal  storage  tanks  have  been  replaced  with  FRP 
composite  tanks.  This  market  shift  did  not  come  easily;  it  took  a  substantial 
amount  of  communication  between  the  composites  industry  and  construction 
industry  followed  by  a  significant  amount  of  product  development,  structural 
engineering,  and  manufacturing  process  development  to  optimize  the  product 
and  cost  effectiveness. 

Properties  and  Benefits  of  FRP  Composites 

FRP  composites  should  be  attractive  to  designers,  builders,  and  users  of  civil 
engineering  structures  for  a  number  of  reasons.  FRP  composites  offer  the 
following  possible  attributes: 

•  High  strength 

•  Light  weight 

•  High  strength-to-weight  ratio 

•  Corrosion  resistance 

•  High  dielectric  strength  (electrical  resistance) 

•  Design  flexibility 

•  Parts  consolidation 

•  Low  tooling  and  finishing  costs 

•  Color  and  finish  molded-in 

•  Low-to-no  maintenance 

•  Installed  cost  savings 

These  properties  translate  to  many  advantages  both  in  initial  construction  and 
life  cycle  maintenance  and  repair.  Another  important  benefit  is  the  ability  to 
produce  large,  complex  structural  parts  that  will  result  in  increased  reliability, 
improved  productivity,  and  reduced  job-site  labor. 

Development  of  FRP  Composites 

The  process  of  applying  composite  technology  to  civil  infrastructure  problems 
is  occurring  worldwide.  In  fact,  Japan,  China  and  Europe  are  making  a  signifi¬ 
cantly  greater  investment  in  this  technology  than  the  United  States.  At  present 
the  Japanese  have  installed  and  are  evaluating  an  estimated  150  composite 
demonstration  projects  including  bridges,  buildings,  and  a  variety  of  seismic 
retrofits. 

In  the  United  States,  industry,  academe,  and  government  partnerships  have 
initiated  a  variety  of  demonstration  projects  focusing  on  bridges,  bridge  compo¬ 
nent  parts  for  retrofit  and  repair,  concrete  reinforcement  (rebars,  tendons, 
grids,  and  cable  stays),  marine  infrastructure  (pilings,  bumpers  and  fenders) 
and  seismic  building  upgrades.  Wliilc  these  efforts  arc  making  significant 
progress  in  demonstrating  the  value  of,  and  creating  interest  in  these  technolo¬ 
gies  by  the  users  (largely  government  customers  like  the  U.S.  Department  of 
Transportation,  Army  Corps  of  Engineers,  and  others),  a  more  comprehensive, 
industry,  academe,  and  government  coordinated  program  is  essential  to  ensure 
widespread  commercialization. 
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Current  Constraints  to  FRP  Composite  Use 

Constraints  on  implementation  of  the  proposed  plan  for  FRP  composites  in  civil 
engineering  fall  into  two  general  categories:  (1)  Technical  and  (2)  Institutional. 
Because  the  nature  of  the  two  types  of  constraints  is  so  different,  each  is  treated 
separately  below. 


Technical  Constraints 

The  composites  industry  has  a  high  level  of  confidence  that  composites  can  be 
developed  for  civil  engineering  end-use  applications.  As  with  other  material  groups, 
the  goals  of  the  proposed  FRP  composites  program  are  to  create  innovative  new 
technologies  to  produce  structural  composite  products  that  are  technically  superior 
and  commercially  viable.  The  realities  of  the  construction/civil  engineering  market 
require  that  to  meet  these  goals,  structural  composite  products  must  be  cost  com¬ 
petitive  or  lower  in  cost  on  a  first-cost  (installed  or  built-cost)  basis,  provide  signifi¬ 
cant  life-cycle  cost  advantages  and  be  constructed,  at  least  for  the  first  several 
product  generations,  in  accordance  with  traditional  industry  practices. 

To  achieve  these  goals,  it  will  be  necessary  to  develop  new  fabricating/manufactur- 
ing  processes  which  reduce  cost,  provide  factory-built  quality  with  large  structural 
part  geometry  and  be  road  transportable  and  readily  fabricated  or  erected  in  the 
field.  By  and  large,  these  manufacturing  processes  do  not  exist  today.  Inability  to 
develop  the  required  composites  fabricating  technology  could  severely  hinder  the 
industry  in  reaching  these  goals. 


...it  will  be  necessary  to 
develop  new  fabricating/ 
manufacturing  processes 
which  reduce  cost,  provide 
factory-built  quality  with 
large  structural  part 
geometry,  be  road 
transportable  and  readily 
fabricated  or  erected  in 
the  field. 


Also,  because  most  FRP  composite  materials  (resins,  reinforce¬ 
ments  and  related  constituent  materials)  were  developed  for  other 
end-use  applications,  they  are  not  optimized  for  civil  engineering/ 
construction  applications.  Additional  work  is  required  in  the  areas 
of  reduced  VOC’s,  improved  fire/smoke  resistance  and  ability  to 
sustain  high  levels  of  structural  loading  over  time.  Failure  to 
achieve  an  acceptable  level  of  technology  in  the  first  phases  of  the 
composites  development  program  could  severely  limit  application 
of  composite  technology  to  civil  engineering  applications. 

Institutional  Constraints 

Probably  more  troublesome  in  potential  than  the  technical 
constraints  noted  above  is  the  prospect  that  the  U.S.  civil  engi¬ 
neering  community  will  be  unwilling  or  unable  to  make  wide¬ 
spread  use  of  structural  composite  technology  in  building  bridges, 
roads,  piers,  utility  structures,  buildings,  etc.  The  conservative 
nature  of  the  industry  coupled  with  fear  of  liability  and  lack  of  50- 
years  of  in-place  structural  performance  data  may  prohibit  even 
the  most  visionary  and  creative  of  practitioners  from  taking  the 
first  steps  with  structural  composites. 

The  composites  industry  faces  constraints  that  differ  from  the 
steel  and  concrete  industry.  Currently,  there  is  little  or  no  interface 
with  the  civil  engineering/construction  industry.  This  places  a 
high  priority  on  the  communications  between  the  two  industries 
to  learn  the  endusers’  needs  and  the  suppliers’  capabilities,  and  on 
an  effective  technical  transfer  mechanism  to  disseminate  informa¬ 
tion  broadly  and  quickly.  While  the  application  of  fiber-reinforced 


“Wedding  Cake”  communicating  tower  for  St.  Luke’s  Medical  Center  is  low 
maintenance  and  radio-frequency  transparent. 
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The  program  is  directed  at 
bridge  structures,  a  range 
of  marine  infrastructure 
products,  concrete  repair 
and  upgrade,  and  building 
retrofit  and  repair 


composite  technologies  to  civil  infrastructure  problems  ultimately  may  offer 
high  rewards  to  the  entire  product  value  chain;  the  material  suppliers,  part 
fabricators,  construction  industry  and  the  final  users,  there  arc  major  knowl¬ 
edge  and  communications  gaps  today  between  the  composites  and  construction 
industries  that  prevent  the  use  of  these  materials  in  solving  our  civil  infrastruc¬ 
ture  problems. 

An  FRP  Composites-Government  Partnership 

The  goal  of  the  proposed  composites  implementation  plan  is  to  capitalize  on 
existing  U.S.  technical  superiority  in  high-tech  composite  materials  and  com¬ 
bine  them  with  the  talents  of  our  civil  cngincering/construction  industry. 
Strong  partnerships  between  industry,  academe  and  government  arc  required  to 
succeed.  Government  at  the  federal,  state  and  local  levels  has  two  major  roles  in 
this  effort.  The  first  is  as  an  enabler  to  help  close  the  technology  gap  between 
the  two  industries  by  supporting  the  partnership  programs  such  as  ARPA’s 
Technology  Reinvestment  Project,  NIST’S  Advanced  Technology  Program  and 
NSF’s  basic  infrastructure  effort.  The  second  role  is  for  government  to  serve  as 
the  influential  first  customer,  sharing  with  industry  the  risk  of  bringing  new 
technology  to  the  marketplace.  The  proposed  program  to  develop  and  apply 
FRP  composites  to  rebuild  and  upgrade  the  nation’s  civil  infrastructure  has 
four  key  areas: 


•  Use  the  best  existing  technology  to  demonstrate  FRP  composite  product 
performance,  accelerate  end-use  customer  interest  and  create  the  frame¬ 
work  for  developing  products  specifically  for  the  construction  industry 

•  Develop  cost  effective,  quality  manufacturing  processes  and  construction 
systems  for  FRP  composites 

•  Develop  codes  and  standards  required  for  widespread  use  of  the  technology 

•  Educate  the  supplier  and  user  communities  on  both  manufacturing  and 
construction  system  technologies 

Each  of  the  four  key  thrusts  in  the  plan  is  organized  for  Near 
Term  (2-4  years),  Intermediate  Term  (5-7  years)  and  Long  Term 
(8-10  years)  deliverables.  The  ability  to  deliver  near-term  ben¬ 
efits  is  necessary  to  develop  and  sustain  support  and  interest 
from  both  industry  and  government.  Flowever  the  process  to 
establish  a  new  industry  segment  is  an  iterative  effort.  Success  in 
initial  product  demonstrations  will  start  a  chain  of  reactions  in 
the  development  of  cost  effective,  quality  manufacturing  and 
construction  systems  and  all  the  other  processes  necessary  for 
eventual  success.  A  nationally  coordinated  program  effort  will 
provide  the  framework  for  all  elements  necessary  for  commer¬ 
cialization. 

The  program  is  directed  at  bridge  structures,  a  range  of  marine 
infrastructure  products,  concrete  repair  and  upgrade,  and  build¬ 
ing  retrofit  and  repair.  This  docs  not  exclude  other  areas,  but 
represents  the  highest  level  of  current  interest  by  a  range  of 
materials  suppliers,  fabricators  and  potential  endusers.  Greater  detail  on  the 
proposed  program  from  near,  intermediate  and  long  term  efforts  is  given  in  the 
project  descriptions  below 


Arctic  construction  communications  tower  erected  in  one-third  the  time  as 
compared  with  conventional  construction  materials  and  systems. 
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Successful  commercialization  of  FRP  composite  structures  in 
civil  infrastructure  applications  requires  an  industry-govern¬ 
ment  partnership,  with  government  often  acting  both  as  the 
influential  first  customer  and  as  a  technology  enabler.  Compa¬ 
rable  to  the  strategies  of  other  material  programs,  three  specific 
actions  are  essential  to  the  efforts  in  FRP  composite  commer¬ 
cialization: 

1.  Continue  the  government  partnership  programs  (like  TRP, 
ATP,  the  Army’s  CPAR,  others)  that  allow  industry, 
academe  and  government  to  collaborate  in  a  competitive, 
but  lower  risk  environment  to  develop  composite  prod¬ 
ucts,  manufacturing  processes,  and  construction  systems. 
Continue  to  fund  academe  composite/construction  inter¬ 
disciplinary  programs  through  the  National  Science 
Foundation.  The  government  is  acting  as  a  technology 
enabler  in  this  role. 

2.  Modify  user  agency  procurement  policies  to  encourage  the 
inclusion  of  innovative  technologies  in  new  and  rehabilita¬ 
tion  construction  projects.  (One  example  would  be  for  the 
U.S  Department  of  Transportation  to  encourage  through 
funding  incentives  to  State  Departments  of  Transportation 
to  support  composite  demonstration  projects  and  integrate 
composite  products  into  low  risk  construction  areas).  The 
government  is  acting  as  the  influential  first  customer 
in  this  role. 

3.  Support  industry-led,  government,  industry,  academe 
coordination  (as  recommended  in  this  report)  of  fiber- 
reinforced  composite  infrastructure  programs  in  a  way  that 
enhances  enduser  understanding  and  reduces  risk  to  all 
parties  in  the  value  chain. 


;  FRP  Composite  Infrastructure 
Product  Focus  Areas 


Category 

Direct  substitutions 
-  (application  specific) 


)  Structural  rehabilitation 
!  (application  specific) 

ii:'"  ■  -- 


Item  (Accepted  Practice) 

Pedestrian  &  small  traffic 
bridges 

Karine  pilings,  fenders, 
bulkheads 

Reinforcing  rods  &  suspension 
cables 

Industrial  stacks  &  liners 

Seismic  retrofit  of  bridge 

columns  and  selected  building 

components 

Water  treatment  plant 

components 

Bridge  deck  retrofit 


i‘  Innovative  standardized 
I  structural  elements 

■ 


Bridge  decks  &  other  systems 
components 

Karine  infrastructure  systems 
Off  shore  oil  platform 
components 
Kodular  v/ater  &  waste 
treatment  systems 
Dams  Lock  components 


t  Structural  rehabilitation 


Structural  cladding 

in-situ  repair  of  original  equipment 

(O.E.)  structures 


.  Kodular,  standardized  Large  bridges 

[structural  components 

J  Kodular  standardized  Columns 

r  rehabilitation  systems  Decks 

Joints 

Buildings 
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‘‘Smart”  Sensor  Embedded  Particle  Establish  anew  level  of  structural  Generate  “smart”  sensor  technology  for  in-situ  monitoring  of  6  years  $I5.75M  NIST  Increases  safety  assurances* 

Composites  Tag  Technology  performance  assurance  through  the  manufacturing  QA/QL  structural  behavior,  structural  history  NSF  builds  a  real-time  structura 
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Prototyping  *  Full-Scale  Demonstrate  the  technical  Conduct  national  and  regional  composite  demonstration  10  years  $650.0M  NIST  Develop  credible  proof  that 

and  Structural  Structural  superiority  and  commercial  viability  projects.  Each  project  will  provide  valuable  experience  with  long-  NSF  structural  composites  provide 
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*  Activities  associated  with  this  deal  primarily  with  issues  that  would  traditionally  be  considered  Technology  Transfer  (T2)  and  commercialization.  However,  since  structural  composites  are  viewed  by  the  U.S.  civil  engineering  community  largely  as 
unproven  materials,  a  higher-than-normal  level  of  demonstration,  long-term  monitoring  as  well  as  national/regional  showcasing  will  be  required  to  accelerate  market  acceptance.  The  Composites  Working  Group  feels  that  this  is  an  incremental  need 
which  is  unique  to  composites  material  technology. 


Composites  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Structural  Behavior  of  Composites 

9 

$5,000,000 

Accelerated  Test  Methods 

5 

3,000,000 

Smart  Sensor  Composites 

6 

2,000,000 

Prototyping  and  Structural  Demonstration 

10 

25,000,000 

Year  1  Total  $35,000,000 

Cumulative  Total  $35,000,000 

2 

Structural  Behavior  of  Composites 

9 

$7,000,000 

Accelerated  Test  Methods 

5 

5,000,000 

Manufacturing  Process  Development 

5 

9,000,000 

Smart  Sensor  Composites 

6 

3,000,000 

Polymer  Matrix  Development 

6 

3,000,000 

Reinforcement  Development 

6 

6,000,000 

Prototyping  and  Structural  Demonstration 

10 

30,000,000 

Year  2  Total  $63,000,000 

Cumulative  Total  $98,000,000 

3 

Structural  Behavior  of  Composites 

9 

$7,000,000 

Accelerated  Test  Methods 

5 

10,000,000 

Design  Data  Base 

3 

11,000,000 

Quality  Control/Quality  Assurance 

4 

2,000,000 

Manufacturing  Process  Development 

5 

12,000,000 

Attachments  &  Structural  Terminations 

4 

5,000,000 

Smart  Sensor  Composites 

6 

3,000,000 

Polymer  Matrix  Development 

6 

5,000,000 

Reinforcement  Development 

6 

6,000,000 

Prototyping  and  Structural  Demonstration 

10 

50,000,000 

Year  3  Total  $111,000,000 

Cumulative  Total  $209,000,000 

4 

Structural  Behavior  of  Composites 

9 

$6,000,000 

Accelerated  Test  Methods 

5 

4,000,000 

Design  Data  Base 

3 

10,000,000 

Quality  Control/Quality  Assurance 

4 

3,000,000 

Manufacturing  Process  Development 

5 

10,000,000 

Attachments  &  Structural  Terminations 

4 

5,000,000 

Smart  Sensor  Composites 

6 

4,000,000 

Polymer  Matrix  Development 

6 

5,000,000 

Reinforcement  Development 

6 

4,000,000 

Prototyping  and  Structural  Demonstration 

10 

160,000,000 

Year  4  Total  $211,000,000 

Cumulative  Total  $420,000,000 

Year 

Project 

Duration 
(m  years) 

Cost 

5 

Structural  Behavior  of  Composites 

9 

$5,000,000 

Accelerated  Test  Methods 

5 

3,500,000 

Design  Data  Base 

3 

9,000,000 

Quality  Control/Quality  Assurance 

4 

3,000,000 

Manufacturing  Process  Development 

5 

8,000,000 

Attachments  &  Structural  Terminations 

4 

10,000,000 

Smart  Sensor  Composites 

6 

2,500,000 

Polymer  Matrix  Development 

6 

3,000,000 

Reinforcement  Development 

6 

3,000,000 

Prototyping  and  Structural  Demonstration 

10 

175,000,000 

Year  5  Total  $222,000,000 

Cumulative  Total  $642,000,000 

6 

Structural  Behavior  of  Composites 

9 

$2,000,000 

Quality  Control/Quality  Assurance 

4 

3,500,000 

Manufacturing  Process  Development 

5 

6,000,000 

Attachments  &  Structural  Terminations 

4 

5,000,000 

Smart  Sensor  Composites 

6 

1,250,000 

Polymer  Matrix  Development 

6 

2,000,000 

Reinforcement  Development 

6 

3,000,000 

Prototyping  and  Structural  Demonstration 

10 

100,000,000 

Year  6  Total  $122,750,000 

Cumulative  Total  $764,750,000 

7 

Structural  Behavior  of  Composites 

9 

$1,000,000 

Polymer  Matrix  Development 

6 

2,000,000 

Reinforcement  Development 

6 

3,000,000 

Prototyping  and  Structural  Demonstration 

10 

50,000,000 

Year  7  Total  $56,000,000 

Cumulative  Total  $820,750,000 

8 

Structural  Behavior  of  Composites 

9 

$1,000,000 

Prototyping  and  Structural  Demonstration 

10 

30,000,000 

Year  8  Total  $31,000,000 

Cumulative  Total  $851,750,000 

9 

Structural  Behavior  of  Composites 

9 

$1,000,000 

Prototyping  and  Structural  Demonstration 

10 

20,000,000 

Year  9  Total  $21,000,000 

Cumulative  Total  $872,750,000 

10 

Prototyping  and  Structural  Demonstration 

10 

$10,000,000 

Year  10  Total  $10,000,000 

Cumulative  Total  $882,750,000 
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Chapter  6 

High-Performance  Concrete 


The  United  States  produces  more  than  500  million  tons  of  concrete  yearly. 
Although  many  structures  are  constructed  completely  or  in  part  using  concrete, 
concrete  has  not  always  performed  well  as  a  construction  material.  Concrete’s 
most  persistent  problem  is  durability  Durability  problems  affect  structures 
service  life  and  repair  costs.  But  high-performance  concrete  promises  extended 
life  in  severe  environments,  shrinkage  control,  and  ultra-high  strength.  In  fact, 
denser  and  less  permeable  high-performance  concrete  has  the  capabil¬ 
ity  to  produce  light-weight  structures  with  service  lives  measured  in 
centuries  rather  than  years. 

What  is  High-Performance  Concrete? 

High-performance  concrete  (HPC)  is  not  just  high-strength  concrete:  it  meets 
special  performance  requirements.  HPC  can  be  defined  as  concrete  with 
improved  constructability,  improved  durability,  and  improved  mechanical 
properties.  Unlike  conventional  concrete,  HPC  meets  one  or  more  of  these 
requirements: 

•  Places  and  compacts  easier 

•  Achieves  high  strengths  at  early  ages 

•  Exhibits  superior  long-term  mechanical  properties  such  as  strength,  resis¬ 
tance  to  abrasion  or  impact  loading,  and  low  permeability 

•  Exhibits  volume  stability  and  thus  deforms  less  or  cracks  less 

•  Lasts  longer  when  subjected  to  chemical  attack,  freezing  and  thawing,  or  high 
temperatures 


Denser  and  less  permeable 
high-performance  concrete 
has  the  capability  to 
produce  light-weight 
structures  with  service 
lives  measured  in  centuries 
rather  than  years. 


•  Demonstrates  enhanced  durability 

These  desired  properties  cannot  be  achieved  with  traditional 
construction  materials  and  normal  mixing,  placing,  and  curing 
methods.  Thus  new  materials,  equipment,  and  construction 
methods  are  needed,  along  with  training  programs  to  help 
ensure  desired  results.  The  end  result  will  be  the  ability  to 
optimize  concrete  for  specific  applications.  These  improved 
properties  will  enable  engineers  to  predict  performance  more 
accurately. 

Applications  of  High-Performance  Concrete 

High-rise  buildings,  long-span  bridges,  architectural  cladding, 
structural  repairs,  fast-track  construction,  structures  in  seismic 
regions,  marine  construction — these  represent  only  a  few  of 
the  many  promising  applications  for  HPC.  Much  of  HPC  use 
has  been  initiated  in  the  private  sector.  However,  the  results  of 


Placement  of  a  HPC  silica-fume  concrete  bridge  deck  overlay  by  Ohio 
Department  of  Transportation.  This  use  of  silica-fume  concrete  takes 
advantage  of  the  low  permeability  of  the  concrete  to  slow  the  rate  of 
chloride  ingress. 


HPC  R&D  are  especially  adaptable  to  use  in  public  infrastructure  applications. 
One  of  the  mechanical  properties  of  HPC — rapid  strength  gain — allows  for 
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quicker  structural  repairs  and  fast-track  construction.  For  example,  the  high 
costs  and  traffic  delays  associated  with  the  repair  down  time  of  transportation 
structures  such  as  bridges,  tunnels,  and  pavement  overlays  can  be  virtually 
eliminated  by  using  HPCs  that  gain  a  strength  of  48  MPa  (7  ksi)  within  an 
hour  after  placement.  Clearly,  HPC  can  reduce  maintenance  costs  and  mini¬ 
mize  inconveniences,  such  as  travel  delays,  to  infrastructure  users.  Yet  the  real 
breakthroughs  are  quantum  improvements  in  material  properties 
which  primarily  apply  to  new  construction  and  applications. 

However,  HPC  currently  represents  no  more  than  perhaps  5  to  10  percent  of 
the  total  concrete  (more  than  500  million  tons)  placed  annually  in  the  U.S. 
Higher  initial  cost  restricts  its  use  for  new  construction,  as  docs  limited  ex-peri- 
ence  with  the  unique  properties  of  this  material.  HPC  is  more  frequently  used 
for  repairs  because  often  only  HPC  can  satisfy  demands  for  specific  properties. 
But  the  volume  of  concrete  used  for  repair  is  substantially  less  than  that  of 
conventional  concrete  used  for  new  construction.  New  potential  applications 
for  HPC  in  new  construction  include:  durability-sensitive  uses  such  as  marine 
structures,  sewer  plants,  roads  and  bridges,  and  hazardous  materials  encapsula¬ 
tions;  strength-sensitive  uses  in  structural  frames  and  fabrication-sensitive  uses 
such  as  concrete  pipe  and  architectural  elements. 

Properties  and  Benefits  of  High-Performance  Concrete 

Conventional  concrete  compressive  strengths  usually  range  up  to  34  MPa  (5 
ksi).  In  contrast,  HPC  may  have  compressive  strengths  exceeding  135  MPa  (20 
ksi)  which  will  result  in  stronger  and  more  efficient  structures.  This  will 
translate  into  tremendous  cost  savings  associated  with  materials,  labor,  weight, 
and  design  of  high-rise  buildings  and  other  structures. 

In  addition,  HPC  can  be  produced  so  that  it  is  stiffer  than  conventional  con¬ 
crete;  therefore,  HPC  will  deform  significantly  less  under  load.  Unlike  conven¬ 
tional  concrete,  HPC  is  less  susceptible  to  damage  in  severe 
environments.  Wlien  subjected  to  aggressive  chemicals  such  as 
de-icing  salts,  HPC  with  its  low  permeability  will  last  much 
longer  than  conventional  concretes.  In  other  words,  rebars  in 
snow-covered  HPC  bridge  decks  will  no  longer  corrode. 
High-performance  fiber-reinforced  concretes  have  greatly 
increased  tensile  strengths  compared  to  conventional  concretes. 
The  presence  of  corrosion  resistant  fibers  in  HPC  pavements 
results  in  better  crack  resistance. 

How  do  these  improvements  in  concrete’s  mechanical  proper¬ 
ties  and  durability  affect  performance?  High-strength  concretes 
permit  use  of  smaller  structural  members.  This  conserves  non- 
renewable  materials,  increases  usable  space  in  buildings,  and 
permits  more  aesthetically  pleasing  designs  while  reducing 
construction  costs.  Higher-stiffness  HPC  reduces  short-  and 
long-term  deflection  problems,  or  may  permit  longer  spans  and  thinner  sec¬ 
tions,  which  provide  advantages  similar  to  those  for  high-strength  concrete. 

Improved  durability  has  perhaps  the  highest  potential  of  all  for  achieving 
remarkable  cost-saving  benefits  in  the  infrastructure.  Some  bridges,  pavements, 
sewage  and  water  treatment  plants,  and  similar  constructed  facilities  arc  quickly 
deteriorating.  These  facilities  were  not  poorly  built,  but  they  were  exposed  to 
service  conditions  far  more  severe  than  anticipated.  Low-permeability  HPC  has 


Parking  structure  at  the  Denver  International  Airport.  This  parking 
structure  is  predominately  precast  concrete  containing  a  corrosion- 
inhibiting  admixture  to  help  increase  the  service  life. 


Improved  durability  has 
perhaps  the  highest 
potential  of  all  for 
achieving  remarkable  cost¬ 
saving  benefits  in  the 
infrastructure. 
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the  capability  of  permitting  service  lives  measured  in  centuries  rather  than 
years.  Similar  performance  improvements  can  be  passed  on  to  private-sector 
facilities  subjected  to  severe  environments,  thus  reducing  manufacturing  costs 
and  allowing  dollars  diverted  to  maintenance  to  be  used  more  constructively. 

Improved  ductility  presents  another  opportunity  for  exploiting  other  properties 
of  HPC.  Life  safety  requirements  under  seismic  loads,  blast  loadings,  or  other 
transient  loading  conditions  require  ductile  behavior.  A  more  ductile  concrete 
cracks  less  or  results  in  narrower  cracks;  however,  the  current  means  of  achiev¬ 
ing  this  ductility  are  sometimes  cost  prohibitive.  But  HPC  with  its  improved 
ductility  would  reduce  exposure  to  destructive  elements  such  as  de-icing  salts 
that  cause  some  of  the  most  serious  and  costly  deterioration  problems. 

Development  of  High-Performance  Concrete  Materials 

Many  high-performance  concretes  are  currently  being  developed.  In  the  field, 
high-strength  concrete  is  the  most  common  of  the  HPCs.  The  highest  strength 
concretes  commercially  available  today  are  in  the  70  MPa  to  100  MPa  (10  ksi  to 
15  ksi)  range,  with  some  slightly  higher  used  in  building  interiors.  In  the 
laboratory,  strengths  as  high  as  680  MPa  (100  ksi),  comparable  to  high-strength 
structural  steels,  have  been  reached.  Laboratory  technology  for  producing  these 
strengths  must  be  translated  into  a  practical  production  methodology.  Advances 
in  materials  technology  have  also  produced  field  applications  of  very  low 
permeability  concrete  that  improves  corrosion  resistance  of  reinforcing  steel 
and  resistance  to  chemical  attack. 

In  the  laboratory,  high-ductility,  fiber-reinforced  concrete  has  been  produced, 
improved  reinforcing  bar  deformation  patterns  are  being  developed,  ultra-high- 
strength  concrete  has  been  tested,  and  precast  connection  systems  with  im¬ 
proved  seismic  resistance  are  being  tested. 

To  ensure  commercial  viability  of  all  HPC  initiatives,  prototype  evaluations  and 
full-scale  demonstration  projects  are  essential.  Also  essential  are  the  databases 
and  knowledge-based  systems  that  are  needed  for  service  life  predictions  that 
extend  beyond  the  lifetimes  of  several  generations  of  researchers.  Education  in 
HPC  use  is  essential,  since  concrete  is  a  field-fabricated  product  which  is  very 
sensitive  to  craftsman  knowledge,  skill,  and  procedures.  Finally,  codes  and 
standards  must  be  responsive  to  the  need  for  rapid  incorporation  of  the  innova¬ 
tive  technology. 

Current  Constraints  to  High-Performance  Concrete  Use 

Initially,  HPC  was  most  often  used  in  buildings.  Now  durability  receives  more 
attention  and  the  use  of  HPC  has  been  extended  to  bridges,  waste  disposal  sites, 
flood  control  facilities,  manufacturing  plants,  and  other  commercial  ventures. 
But  widespread  use  of  HPC  is  limited  by  technical,  planning,  education,  and 
budgetary  constraints. 

One  barrier  to  overcome  is  the  lack  of  a  broad  knowledge  base  on  material 
performance.  For  example,  test  methods  for  HPC  are  inadequate.  Without 
these  test  methods  in  place,  engineers  cannot  determine  how  HPC  will  per¬ 
form  in  certain  applications.  In  addition,  engineers  have  doubts  about  applying 
empirically  based  design  methods  to  concretes  with  mechanical  properties 
outside  the  range  of  values  on  which  empirical  methods  were  based.  This  lack 
of  information  also  includes  gaps  in  empirical  data  regarding  optimum  curing 
regimes  for  HPC,  inadequate  knowledge  about  interaction  of  HPC  with 


One  barrier  to  overcome  is 
the  lack  of  a  broad 
knowledge  base  on 
material  performance. 


Society  Tower  in  Cleveland.  Note  the  two  concrete 
columns  at  each  corner  of  the  building. 
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This  is  an  artistic  representation  of  the  Louetta  Road  Overpass  bridge 
currently  under  construction  in  Houston,  Texas.  This  is  the  first  bridge  built 
in  the  United  States  fully  utilizing  the  benefits  of  high  performance 
concrete. 


reinforcement,  and  insufficient  empirical  data  on  HPC,  especially  on  material 
effects  on  performance. 

Wliat  is  needed  to  overcome  this  lack  of  knowledge  about  HPC  performance? 
The  industry^  needs  to  promote  further  development  of  simulation  programs 
that  will  give  engineers  confidence  in  predictions  of  HPC  service  life.  Most 
importantly,  the  industry  needs  to  initiate  many  more  demonstration  projects  to 
show  the  financial  and  technical  advantages  of  HPC  over  conventional  con¬ 
crete. 

In  addition  to  technical  barriers  and  a  low  number  of  engineers  and 
craftspeople  trained  to  work  with  HPC,  development  efforts  arc  often  hindered 
by  inadequate  public  policy.  Currently,  the  U.S.  lacks  an  evaluation  and  ap¬ 
proval  system  for  HPC.  Without  a  full-scale-project  experience  base,  interested 
public  and  private  sector  players  will  be  reluctant  to  commit  funds  or  time  to 
unproven  tcchnolog)^.  And  without  contract/bid  incentives,  few  contractors  will 
show  interest  in  advancing  HPC  uses.  One  of  the  major  constraints  to  HPC 
use  is  the  current  emphasis  on  higher  HPC  first  cost,  instead  of  life-cycle  cost 
benefits.  Key  organizations  (AASHTO,  ACI,  FHWA,  NSF)  must  make  a 
coordinated  effort  to  remove  these  barriers. 

Current  Projects  Demonstrating  High- 
Performance  Concrete’s  Effectiveness 

The  Northridge  earthquake  ofjanuar)^  1994  illustrates  the  need  and  utility  for 
one  of  the  current  HPC  research  projects.  It  involves  precast  concrete  connec¬ 
tion  systems  designed  for  structures  built  in  areas  of  high  seismicity.  Energy- 
absorbing  ductile  joints  prevent  sudden  collapse  of  structural  framing  in 
seismic  situations.  This  project  should  also  accelerate  commercialization  by 
showing  that  the  system  is  a  viable  alternative  to  current  approaches. 

Several  research  projects  currently  underway  offer  excellent  opportunities  to 
demonstrate  modified  materials  and  new  systems.  One  development  is  a 
reinforcing  bar  with  an  improved  deformation  pattern  that  increases  bond 
strength,  thus  reducing  splice  lengths  and  decreasing  the  amount  of  steel 
needed.  Wlhle  the  research  is  nearing  completion,  acceptance  by  the  design 
community  may  be  slowed  by  lack  of  field  verification  of  results.  Demonstra¬ 
tion  projects  being  planned  or  implemented  by  FHWA  include 
a  bridge  in  Houston  built  with  high-strength  concrete  and 
HPC  pavements  built  at  several  demonstration  sites  in  the  U.S. 
More  demonstration  projects  such  as  these  are  needed  to  show 
that  HPC  technolog)^  can  be  applied  practically  to  provide  safe, 
long-lasting,  and  economical  structures. 

In  the  21st  century,  concrete  will  be  specified  entirely  on  the 
basis  of  required  performance,  whether  the  requirements  are 
for  high  strength,  ease  of  placement,  volume  stability,  durabil¬ 
ity,  or  other  properties.  Prescriptive  specifications  will  disap¬ 
pear.  As  a  result,  future  structures  will  have  life  expectancies  far 
greater  than  today’s  structures  that  are  typically  built  with 
design  lives  of  20,  40,  or  50  years.  Design  lives  numbering  in 
the  hundreds  of  years  should  not  be  uncommon! 
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Prioritized  Research  Projects 
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Concrete  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(m  years) 

Cost 

1 

Predicting  Performance 

4 

$1,500,000 

Fundamental  Parameters  Affecting  Curing  of  HPC 

3 

1,100,000 

Decision-Support  System  for  Optimized  Curing 

1.5 

400,000 

Short-Term  Mechanical  Properties 

4 

600,000 

Long-Term  Mechanical  Properties 

3 

700,000 

formation  of  Fiber-Reinforced  HPC  Composites 

2 

600,000 

Selection  of  Candidate  Methods 

1.5 

500,000 

Existing  Methods  for  Service  Life  Prediction 

2 

250,000 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

700,000 

Corrosion  Resistance 

7 

1,200,000 

Year  1  Total  $7,550,000 

Cumulative  Total  $7,550,000 

2 

Predicting  Performance 

4 

$1,400,000 

Fundamental  Parameters  Affecting  Curing  of  HPC 

3 

900,000 

Decision-Support  System  for  Optimized  Curing 

1.5 

200,000 

Short-Term  Mechanical  Properties 

4 

600,000 

Long-Term  Mechanical  Properties 

3 

600,000 

Formation  of  Fiber-Reinforced  HPC  Composites 

2 

500,000 

Selection  of  Candidate  Methods 

1.5 

250,000 

Existing  Methods  for  Service  Life  Prediction 

2 

250,000 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

700,000 

Corrosion  Resistance 

7 

1,200,000 

Early-Age  Thermal  History 

3 

900,000 

Adaptability  of  Existing  Methods 

3 

1,200,000 

Fatigue  of  Reinforcing  Steel 

3 

600,000 

Nonmetallic  Reinforcement 

5 

600,000 

Design  and  Construction  Considerations 

2 

600,000 

Shear  and  Torsion 

3 

1,700,000 

Review  of  Literature  and  Design  of  Experiments 

3 

400,000 

Year  2  Total  $12,600,000 

Cumulative  Total  $20,150,000 
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Year 

Project 

Duration 
(in  years) 

Cost 

3 

Predicting  Performance 

4 

Jl.400,000 

Fundamental  Parameters  Affecting  Curing  of  HPC 

3 

900,000 

Short-Term  Mechanical  Properties 

4 

600,000 

Long-Term  Mechanical  Properties 

3 

600,000 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

700,000 

Corrosion  Resistance 

7 

1,200,000 

Early-Age  Thermal  History 

3 

900,000 

Adaptability  of  Existing  Methods 

3 

1,200,000 

Fatigue  of  Reinforcing  Steel 

3 

500,000 

Nonmetallic  Reinforcement 

5 

600,000 

Design  and  Construction  Considerations 

2 

500,000 

Shear  and  Torsion 

3 

1,700,000 

Review  of  Literature  and  Design  of  Experiments 

3 

300,000 

In-Place  Determination  of  Mechanical  Properties 

3 

900,000 

Demonstration  of  Optimized  Curing 

3 

300,000 

Composition-Performance  Relationships  for  Fiber-Reinforced  HPC 

3 

400,000 

Improved  Methods  for  Predicting  Service  Life 

2.5 

300,000 

Axial  Load  and  Bending 

3 

900,000 

Seismic  Response 

4 

1,300,000 

Year  3  Total  $15,200,000 

Cumulative  Total  $35,350,000 

4 

Predicting  Performance 

4 

$1,400,000 

Short-Term  Mechanical  Properties 

4 

600,000 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

700,000 

Corrosion  Resistance 

7 

1,100,000 

Early-Age  Thermal  History 

3 

800,000 

Adaptability  of  Existing  Methods 

3 

1,100,000 

Fatigue  of  Reinforcing  Steel 

3 

500,000 

Nonmetallic  Reinforcement 

5 

500,000 

Shear  and  Torsion 

3 

1,600,000 

Review  of  Literature  and  Design  of  Experiments 

3 

300,000 

In-Place  Determination  of  Mechanical  Properties 

3 

900,000 

Composition-Performance  Relationships  for  Fiber-Reinforced  HPC 

3 

350,000 

Improved  Methods  for  Predicting  Service  Life 

2.5 

300,000 

Axial  Load  and  Bending 

3 

900,000 

Seismic  Response 

4 

1,300,000 

Determination  of  Workability  and  Placability 

3 

1,200,000 

Classification  of  Environments  for  Service  Life  Prediction 

1.5 

600,000 

Knowledge  Bases  for  Use  in  Materials  Selection 

2 

250,000 

Evaluation  of  Concepts  for  Improvement  of  Existing  Products 

4 

1,250,000 

New  Construction  Systems 

6 

1,700,000 

Construction  with  Cast-in-Place  HPC 

5 

2,400,000 

Demonstration  of  Optimized  Curing 

3 

300,000 

Year  4  Total  $20,050,000 

Cumulative  Total  $55,400,000 

Year 

Project 

Duration 
(in  years) 

Cost 

5 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

$  600,000 

Corrosion  Resistance 

1 

1,100,000 

Nonmetallic  Reinforcement 

5 

500,000 

In-Place  Determination  of  Mechanical  Properties 

3 

800,000 

Composition-Performance  Relationships  for  Fiber-Reinforced  HPC 

3 

300,000 

Improved  Methods  for  Predicting  Service  Life 

2.5 

200,000 

Axial  Load  and  Bending 

3 

800,000 

Seismic  Response 

4 

1,300,000 

Determination  of  Workability  and  Placability 

3 

1,200,000 

Classification  of  Environments  for  Service  Life  Prediction 

1.5 

350,000 

Knowledge  Bases  for  Use  in  Materials  Selection 

2 

250,000 

Evaluation  of  Concepts  for  Improvements  of  Existing  Products 

4 

1,250,000 

New  Construction  Systems 

6 

1,700,000 

Construction  with  Cast-in-Place  HPC 

5 

2,400,000 

Environmental  Effects  on  the  Life  of  Fiber-Reinforced  HPC 

3 

350,000 

Composites 

Validation  of  Predictive  Models 

3 

600,000 

Strength  Potential 

3 

900,000 

Fire  Exposure  Experiments 

5 

950,000 

Construction  with  Precast  HPC  Products 

6 

2,500,000 

Demonstration  of  Optimized  Curing 

3 

300,000 

Year  5  Total  $18,350,000 

Cumulative  Total  $73,750,000 

6 

Detailing  Practices  for  HS  Concrete  and  HS  Steel  Reinforcement 

6 

$  600,000 

Corrosion  Resistance 

7 

1,100,000 

Nonmetallic  Reinforcement 

5 

500,000 

Seismic  Response 

4 

1,300,000 

Determination  of  Workability  and  Placability 

3 

1,100,000 

Evaluation  of  Concepts  for  Improvement  of  Existing  Products 

4 

1,250,000 

New  Construction  System 

5 

1,700,000 

Construction  with  Cast-in-PIace  HPC 

5 

2,400,000 

Environmental  Effects  on  the  Life  of  Fiber-Reinforced  HPC 

3 

350,000 

Composites 

Validation  of  Predictive  Models 

3 

600,000 

Strength  Potential 

3 

900,000 

Fire  Exposure  Experiments 

5 

800,000 

Construction  with  Precast  HPC  Products 

6 

2,500,000 

Recommended  Curing  Practices 

1 

450,000 

Simulation  of  In-Service  Conditions 

3 

1,200,000 

In-Place  Evaluation  of  the  Air  Void  System 

3 

1,200,000 

Effects  of  Mixture  Proportions  on  Properties 

3 

600,000 

Evaluation  of  Existing  Mixing  Practices 

3 

700,000 

The  Knowledge  Base  Structure 

1.5 

1,300,000 

Condition  Assessment 

3 

300,000 

Buildings 

5 

450,000 

Highway  Structures 

5 

2,100,000 

Year  6  Total  $23,400,000 

Cumulative  Total  $97,150,000 
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Year 


Project 


Duration 
(in  years) 


Cost 


Corrosion  Resistance 

Evaluation  of  Concepts  for  Improvements  of  Existing  Products 
New  Construction  Systems 
Construction  with  Cast-in-Place  HPC 
Environmental  Effects  on  the  Life  of  Fiber-Reinforced  HPC 
Composites 

Validation  of  Predictive  Models 
Strength  Potential 
Fire  Exposure  Experiments 
Construction  with  Precast  HPC  Products 
Simulation  of  In-Service  Conditions 
In-Place  Evaluation  of  the  Air  Void  System 
Effects  of  Mixture  Proportions  on  Properties 
Evaluation  of  Existing  Mixing  Practices 
The  Knowledge  Base  Structure 
Condition  Assessment 
Buildings 

Highway  Structures 

Design  Guidelines  for  Fiber-Reinforced  HPC  Composites 

Changes  for  Codes  and  Standards 

Degradation  Mechanisms 

Service  Life  Design  Code 

Procedure  for  Optimization  of  Mixture  Design 

Development  of  Knowledge  Base 

Special  Structures 

Conveying  Techniques 


Year  7  Total  $22,440,000 
Cumulative  Total  $119,590,000 


New  Construction  Systems 
Construction  with  Cast-in-Ptace  HPC 
Construction  with  Precast  HPC  Products 
Simulation  of  In-Service  Conditions 
In-Place  Evaluation  of  the  Air  Void  System 
Effects  of  Mixture  Proportions  on  Properties 
Evaluation  of  Existing  Mixing  Practices 
Condition  Assessment 
Buildings 

Highway  Structures 

Design  Guidelines  for  Fiber-Reinforced  HPC  Composites 

Changes  to  Codes  and  Standards 

Degradation  Mechanisms 

Service  Life  Design  Code 

Procedure  for  Optimization  of  Mixture  Design 

Development  of  Knowledge  Base 

Special  Structures 

Conveying  Techniques 

Fire  Exposure  Experiments 

HPC  Performance  Criteria 

Evaluation  of  Concepts  for  New  Products 

Decision-Support  System  to  Aid  Mixture  Design 

Demonstration  of  the  Knowledge-Based  System 

New  Methods  for  Evaluating  Transport  Properties 


Year  8  Total  $20,730,000 
Cumulative  Total  $140,320,000 


Year 

Project 

Duration 
(in  years) 

Cost 

9 

New  Construction  Systems 

6 

$1,600,000 

Fire  Exposure  Experiments 

1 

800,000 

Construction  with  Precast  HPC  Products 

6 

2,500,000 

Buildings 

5 

450,000 

Highway  Structures 

5 

2,100,000 

Changes  to  Codes  and  Standards 

8 

80,000 

Procedure  for  Optimization  of  Mixture  Design 

3 

400,000 

Development  of  Knowledge  Base 

3 

600,000 

Special  Structures 

5 

450,000 

Conveying  Techniques 

3 

1,000,000 

Evaluation  of  Concepts  for  New  Products 

5 

1,000,000 

Decision-Support  System  to  Aid  Mixture  Design 

3 

900,000 

Demonstration  of  the  Knowledge-Based  System 

1.5 

250,000 

New  Methods  for  Evaluating  Transport  Properties 

1.5 

300,000 

Guidelines  for  Service  Life  Prediction 

1 

250,000 

Improved  Durability  Tests 

3 

1,200,000 

Improved  Mixing  Practices 

3 

700,000 

Long-Term  Operation  and  Maintenance  of  the  System 

I 

400,000 

In-Place  Evaluation  of  Transport  Properties 

2 

450,000 

Repair  of  HPC 

3 

300,000 

Year  9  Total  $15,730,000 

Cumulative  Total  $156,050,000 

10 

Construction  with  Precast  HPC  Products 

6 

$2,500,000 

Buildings 

5 

450,000 

Highway  Structures 

5 

2,100,000 

Changes  to  Codes  and  Standards 

8* 

400,000 

Special  Structures 

5* 

900,000 

Evaluation  of  Concepts  for  New  Products 

5* 

3,000,000 

Decision-Support  System  to  Aid  Mixture  Design 

3 

900,000 

Improved  Durability  Tests 

3* 

2,300,000 

Improved  Mixing  Practices 

3* 

1,200,000 

In-Place  Evaluation  of  Transport  Properties 

2 

450,000 

Repair  of  HPC 

3* 

600,000 

Fire  Design  Guidelines  for  HPC 

3* 

1,100,000 

Year  10  Total  $  15,900,000 

Cumulative  Total  $171,950,000 

*  Project  may  extend  into  year  1 1  and  beyond. 
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John  R.  Hayes,  Jr. 

Army  Construction  Engineering  Research  Laboratory  Lawrence  Roberts 
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Chapter  7 

High-Performance 
Hot  Mix  Asphalt 


The  United  States  has  approximately  4  million  miles  of  highways,  only  half  of 
which  are  paved.  Roughly  94  percent  of  the  paved  roads  have  an  asphalt 
surface.  More  than  any  other  single  product,  asphalt  sustains  the  nation’s 
highways  and  facilitates  the  flow  of  commerce.  As  the  nation  increasingly 
rehabilitates  roads,  funds  spent  on  asphalt  and  the  importance  of  this  product  to 
the  nation’s  economy  increase  proportionally. 

The  annual  production  of  Hot  Mix  Asphalt  (HMA)  is  estimated  at  500 
million  tons  per  year,  approximately  75  percent  of  which  is  public 
sector  work  (varies  by  region  of  the  country).  The  HMA  Industry  provides  a 
$15  billion  contribution  to  the  U.S.  economy  and  about  600,000  jobs. 

What  is  High-Performance  HMA? 

Hot  Mix  Asphalt  (HMA)  is  a  versatile  pavement  construction  material  com¬ 
posed  of  asphalt  cement  and  mineral  aggregates.  The  aggregates  are  obtained 
from  locally  occurring  rock  sources,  sized  to  meet  specific  requirements,  heated 
to  remove  moisture,  and  then  mixed  with  asphalt  cement  (a  product  of  the 
petroleum  refining  process).  Although  HMA  contains  only  two  principal 
ingredients,  producing  and  placing  HMA  pavement  requires  extensive  techni¬ 
cal  knowledge  on  many  topics. 


The  HMA  Industry 
provides  a  $15  billion 
contribution  to  the  U.S. 
economy  and  about 
600,000  jobs. 


Major  attributes  of  HMA  include; 

•  Suitability  for  quality  road  building 

•  Ride  quality 

•  Ready  availability  in  large  quantities 

•  Early  opening  of  pavements  to  traffic 

•  Cost  effectiveness 

•  1 00  percent  recyclability 

•  Ability  to  use  locally  available  materials 

•  Well  distributed  delivery  system 

For  HMA,  high  performance  may  be  defined  as  pavements 
that  are: 

•  Durable — the  pavement  must  have  appropriate  resistance  to 
wear  for  the  loads  applied  and  the  climate  to  which  it  is 
exposed 


Approximately  94  percent  of  all  paved  roadways  in  the  U.S.  are  surfaced 
with  Hot  Mix  Asphalt. 


•  Smooth — the  pavement  must  have  good  ride  quality  for  both  automobile  and 
truck  traffic — low  rolling  resistance  provides  both  good  fuel  economy  and  air 
quality 
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Courtesy  of  Nations! Asphalt  F^vement  Association 


Safe — both  wet  and  dry  skid  resistance  of  the  pavement  are  important 
considerations 


Some  of  the  products  of 
the  recently  completed 
Strategic  Highway 
Research  Program  (SHRP) 
need  additional 
developmental  work  in 
order  to  bring  the  products 
to  functional  application. 


•  Environmentally  acceptable — all  activities  for  manufacturing  &  placement  of 
pavements  must  be  mindful  of  maintaining  clean  air  and  water,  minimizing 
noise  impacts,  product  recyclability,  and  dust  management 

•  Easily  constructed — pavements  must  be  able  to  be  placed  such  that  the  flow 
of  traffic  will  be  Impacted  as  little  as  possible 

•  Easily  maintained — pavements  must  provide  minimum  traffic  disruption  for 
preventive  maintenance  and  for  rehabilitation  while  offering  optimum  life 
cycle  cost 

Applications  of  High-Performance  HMA 

In  addition  to  its  use  for  roads  and  paving,  HMA  used  in  landfill  liners  and  caps 
provides  an  impermeable  layer  to  prevent  leakage  of  contaminants  into  ground- 
\vatcr  sources  and  soils.  HMA  is  used  for  reservoir  liners  for  drinking  water 
storage,  and  in  permeable  bases,  HMA  can  be  used  to  divert  water  away  from 
pavement  foundations  to  improve  structural  integrity  of  pavement  systems. 
HMA  can  be  put  to  advantageous  use  in  open-graded  friction  courses  as  a 
wearing  surface  for  pavement;  this  concept  provides  a  “no-spray”  pavement  in 
wet  conditions  (as  shown  in  photo),  improves  skid  resistance,  and  reduces 
traffic  noise.  Noise  reductions  can  be  in  the  range  of  3  to  6  DBA.  HMA  also 
provides  a  strong  impermeable  layer  for  foundation  underlayment  in  railroad 
trackbeds. 


Two  types  of  Hot  Mix  Asphalt  paving  show  remarkable  differences  during  a 
rainstorm.  At  right,  water  collects  on  surface  and  is  thrown  up  as  spray  by 
vehicles;  at  left,  surface  with  open  graded  HMA  mixture  permitting  water  to  drain 
through  surface,  virtually  eliminating  spray. 


Development  of  High-Performance  HMA 

Some  of  the  products  of  the  recently  completed  Strategic 
Highway  Research  Program  (SHRP)  need  additional 
developmental  work  in  order  to  bring  the  products  to 
functional  application.  The  Federal  Highway  Administra¬ 
tion  is  currently  working  on  implementation  issues  for  the 
products.  The  SHRP  products  will  be  central  to  the 
development  of  high  performance  HMA  well  into  the  21st 
Century. 

A  meeting  was  recently  organized  by  the  National  Coop¬ 
erative  Highway  Research  Program  (NCFIRP)  to  evaluate 
the  SHRP  products  and  to  determine  additional  research 
needs  in  order  to  implement  the  products.  The  NCHRP 
panel  represented  both  public  and  private  sector  personnel. 
From  this  meeting,  representatives  developed  a  prioritized 
list  of  research  projects  and  submitted  the  list  to  NCFIRP 
for  evaluation. 


Constraints  to  High-Performance  HMA  Use 

Currently,  an  overall  research  needs  and  funding  document  has  not  been 
published  for  the  HMA  Industry.  Working  with  a  cross-section  of  HMA 
industry  representatives,  research  needs  statements  will  be  developed.  The 
implementation  of  SHRP  products  has  captured  the  attention  of  most  research 
activities  for  the  last  five  years.  Now  that  SHRP  is  completed,  a  review  of 
product  status  and  future  needs  will  be  done.  After  completion  of  that  needs 
activity,  a  prioritization  scheme  can  be  developed. 
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FHWA  has  developed  a  series  of  Technical  Working  Groups  (TWG)  and  Expert 
Task  Groups  (ETG)  to  review  the  SHRP  products  and  to  develop  specific  imple¬ 
mentation  plans  for  the  products.  Members  of  the  TWG’s  and  ETG’s  come  from 
both  public  and  private  sectors.  As  a  result  of  TWG  and  ETG  activity,  a  Technology 
Transfer  conference  was  held  in  Reno,  Nevada  in  October  1994. 

THE  TWG  and  ETG  concepts  have  been  used  as  a  forum  for  a  wide  variety  of 
cooperative  technical  discussions  within  the  HMA  Industry. 

The  following  technical  areas  would  benefit  from  additional  study: 

•  Performance  assessment  technology — ^to  predict  performance  of  materials  in 
the  laboratory 

•  Variability  of  raw  materials — ^to  quantify  raw  material  properties  and  reduce 
variability 

•  Susceptibility  to  environmental  deterioration — ^to  understand  the  mechanisms  of 
oxidation,  moisture  sensitivity  and  thermal  cracking 

•  Rapid  reliable  test  methods  for  process  control — to  improve  overall  product 
quality  by  better  control  of  the  manufacturing  process 

•  Development  of  performance  based  specifications — to  specify  materials  that  will 
provide  appropriate  performance  using  SHRP  products 

•  Application  and  use  of  non-conventional  mix  types  such  as  open  graded  friction 
courses  and  permeable  bases 

Potential  Federal  Agency  Partnerships 

The  Federal  Highway  Administration  (FHWA),  the  American  Association  of  State 
Highway  and  Transportation  Officials  (AASHTO),  and  the  Transportation  Re¬ 
search  Board  (TRB)  are  the  three  principal  agencies  that  are  most  likely  to  partici¬ 
pate  in  funding  for  research  activities.  FHWA  funds  research  directly,  while  state 
departments  of  transportation  through  AASHTO  provide  research  funds  to  TRB 
who  acts  as  a  contract  manager.  Each  of  the  AASHTO  member  organizations  also 
has  a  separate  pool  of  research  funds  available  through  the  State  Planning  and 
Research  program. 

Private  and  Public  Sector  Partnerships 

The  HMA  industry  long  has  recognized  the  need  for  strong  partnerships  and 
coordination  between  public  and  private  sectors  within  the  industry.  The  HMA 
industry  has  been  developing  public  and  private  partnering  arrangements  for  the 
past  several  years.  The  previously  mentioned  FHWA  Technical  Working  Groups 
(TWG’s)  are  vital  examples  of  this  activity.  Recent  actions  which  have  been  jointly 
developed  include  an  extensive  training  program  for  Hot  Mix  Asphalt,  the  first  ever 
Hot  Mix  Asphalt  Textbook  and  the  HMA  Paving  Handbook.  These  activities  were 
completed  with  a  strong  joint  participation. 

Activities  have  begun  to  extend  this  partnering  approach  to  the  research  and 
technology  area.  Examples  of  these  activities  include  the  introduction  of  Stone 
Matrix  Asphalt  into  the  U.S.  as  a  direct  result  of  a  European  Asphalt  Study  Tour, 
and  the  Technical  Working  group  to  develop  engineering  controls  for  asphalt 
paving  equipment  to  improve  the  overall  working  environment.  In  addition, 
actions  for  implementation  of  SHRP  have  brought  public  and  private  sectors 
together  in  a  very  positive  way. 


Centers  for  Research, 
Both  Academic  and 

National  Center  for  Asphalt 
Technology  (Auburn,  AL) 

Center  for  Aggregates  Research 

The  Asphalt  Institute  (Lexington,  KY) 
and  numerous  university  research 
centers,  to  name  a  few: 

Texas  A&M  University  , 

University  of  Texas 

Purdue  University 

Oregon  State  University 

University  of  California  -Berkeley 

University  of  Nevada-Reno 


The  HMA  industry  long 
has  recognized  the  need 
for  strong  partnerships  and 
coordination  between 
public  and  private  sectors 
within  the  industry. 
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The  HMA  Industry  must 
gain  a  thorough 
understanding  of  the  SHRP 
products  and  use  this 
information  to  build 
towards  the  goal  of  true 
performance-based 
products. 


Key  Implementation  Strategies  to  Bridge  the  Research- 
Implementation  Gap 

Historically,  one  of  the  weakest  links  in  research  activities  has  been  the  imple¬ 
mentation  process.  The  HMA  Industry  has  not  been  an  exception  in  this  area. 
At  best,  implementation  is  ver)'  slow  and,  in  some  cases,  does  not  occur  at  all. 
Making  appropriate  use  of  research  results  is  an  activity  that  should  provide 
high  return  for  research  investment  and  improve  the  performance  of  HMA. 

New  activities  within  FHWA,  AASHTO  and  TRB  provide  an  unprecedented 
opportunity  for  public  and  private  sector  interests  to  share  concerns  and  issues. 
The  possibility  for  improving  research  products  and  the  implementation 
process  is  now  available.  In  addition,  the  industry  has  been  very  active  in  the 
support  of  research  and  technology  as  evidenced  by  the  development  of  the 
National  Asphalt  Pavement  Association’s  Research  and  Education  Foundation, 
the  parent  organization  for  the  National  Center  for  Asphalt  Technology. 


Bending  beam  rheometer.  Test  developed  by  SHRP  to  analyze  asphalt 
binders  at  low  temperature. 


Implementing  Funding  Plans 

In  the  asphalt  area,  the  entire  thrust  of  the  Strategic  Highway 
Research  Program  was  to  develop  performance  based  tests  and 
specifications  for  Hot  Mix  Asphalt  Materials.  Progress  was 
made  in  achieving  that  goal.  However,  there  remains  work  to 
be  done  as  identified  previously.  The  FIMA  Industry  must  gain 
a  thorough  understanding  of  the  SHRP  products  and  use  this 
information  to  build  towards  the  goal  of  true  performance- 
based  products. 

Detailed  research  and  project  plans  arc  in  the  formative  stage. 
The  HMA  Industry  has  worked  with  funding  agencies  for 
many  years  to  provide  input  to  research  and  implementation 
activities.  We  look  to  continue  the  current  process  and  expand 
the  activity  to  include  development  of  research  needs. 

An  initial  meeting  has  been  held  on  the  research  needs  issue. 
Additional  forums  to  develop  research  agendas  arc  planned. 


A  ten-year  research  program,  with  specific  budget  outlays,  has  not  been  com¬ 
pleted  at  this  time. 


Hot  Mix  Asphalt  Working  Group  Members 

Dale  S.  Decker 
Chairperson 

National  Asphalt  Pavement  Association 

Byron  Lord 

Federal  Highway  Administration 


Since  full  and  complete  industry  input  was  not  obtained  by  the  time  of  publication,  the  Hot  Mix  Asphalt  chapter  should 
be  considered  preliminary;  the  intent  is  to  provide  an  overview  of  the  evolving  HMA  perspective.  The  HMA  working 
group  consists  of  the  individuals  listed  above. 
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Chapter  8 

High-Performance  Masonry 

Masonry’s  versatile  appearance,  long-term  durability  and  high  compressive 
strength  have  long  been  recognized.  The  Great  Wall  of  China,  the  Roman 
Colosseum,  St.  Peter’s  Cathedral,  the  Empire  State  Building-such  buildings 
testify  to  masonry’s  durability.  The  variety  of  sizes,  shapes,  colors,  and  textures 
evidenced  in  modern  buildings  such  as  the  Carnegie  Hall  Tower  or  the  Exeter 
Library  provide  aesthetic  variation  which  enriches  our  heritage.  Moreover, 
recent  advances  in  resistance  to  severe  environments  may  increase  masonry’s 
value  as  a  building  component 

Masonry  units  are  locally  produced;  raw  materials  are  universally  available  and 
abundant.  Therefore  individual  properties  of  units  and  mortar  must  be  se¬ 
lected  to  meet  specific  design  requirements.  Masonry  is  multi-functional:  it 
combines  structure  and  finish;  serves  as  an  environmental  barrier  to  thermal 
changes,  noise  and  fire;  is  resistant  to  seismic  and  wind  loads  and  its  hand 
placement  results  in  site-adaptable  construction.  High-Performance  Masonry 
(HP  Masonry)  will  result  in  masonry  projects  achieving  full  resistance  to 
severe  environments.  This  resistance  to  freeze-thaw  deterioration,  chemical 
attack,  and  water  penetration  will  increase  HP  Masonry's  versatility  as  a 
building  component.  A  building  using  HP  Masonry  may  not  need  repair  for 
100  years  compared  to  a  building  with  conventional  materials  which  typically 
needs  some  type  of  repair  within  30  years. 

What  is  High-Performance  Masonry? 

Masonry,  an  assemblage  of  manufactured  masonry  units  normally  bonded 
together  with  a  cement  based  mortar  to  act  as  a  single,  composite  material, 
serves  as  a  structural  element,  an  architectural  element,  or  both.  Primarily, 
masonry  is  used  as  walls  in  buildings  and  landscaping,  but  it  serves  equally 
well  as  foundations,  paving  and  for  fireplaces. 

HP  Masonry  optimizes  the  structural,  architectural  and  construction 
capabilities  of  unit  masonry  by  maintaining  its  current  benefits  while 
providing  needed  improvements  in  such  areas  as  structural  performance 
and  durability.  High-performance  masonry  will  improve  one  or  more  of: 

•  Manufacture  and  quality  of  materials 

•  Effectiveness  and  efficiency  of  design  methods 

•  Economy  and  quality  of  construction 

•  Structural  performance 

•  Durability  and  robustness 

•  Project  life  span  in  severe  environments 


A  building  using  HP 
Masonry  may  not  need 
repair  for  100  years 
compared  to  a  building 
with  conventional 
materials  which  typically 
needs  some  type  of  repair 
within  30  years. 


Church,  Red  Deer,  Canada.  Sculptural  forms  in 
structural  brick  masonry  express  the  architect’s 
design. 
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...improvements  are 
needed  in  materials 
performance,  testing 
procedures,  design 
methods  and  construction 
procedures. 


The  concrete  masonry  walls  on  this  high  rise 
hotel  provide  structure,  fire  resistance,  and 
sound  control. 


HP  Masonr)^  use  will  retain  the  best  of  locally  produced  materials  without 
compromising  the  environment.  More  consistent  and  predictable  performance 
is  ccansidered  integral  to  these  improvements. 

High-performance  design  methods  optimize  the  use  of  these  materials  in  the 
completed  structure  and  will  provide  explicit  procedures  to  integrate  the 
masonr)' with  other  building  components  and  detail  requirements.  Moreover, 
high-performance  design  methods  will  enhance  the  architectural  versatility  of 
masoniy 

HP  Masonry  construction  procedures  improve  installation  efficiencies  and 
reduce  variability.  Improvements  in  material  handling  systems  and  alternatives 
to  current  pre^edures  of  hand  placement  will  be  incorporated  into  construc¬ 
tion  procedures. 

Mason ly’s  high  compressive  strength  makes  it  an  ideal  material  to  resist 
vertical  loads.  Its  low  tensile  strength  and  brittle  nature  will  be  overcome  in 
high-performance  masonry  to  result  in  a  material  with  balanced  properties. 
Horizontal  loads  Vvill  be  resisted  with  the  same  capacity  as  that  for  vertical 
loads,  for  example,  developing  prestressed  masonry  retaining  walls  to  resist  soil 
pressure  or  constructing  noise  barrier  walls  along  highways  to  resist  wind 
loads.  The  resulting  structures  will  have  the  stiffness  and  robustness  to  resist  all 
loads  with  little  damage  to  the  structure,  the  architectural  and  mechanical 
components  and,  without  loss  of  life.  Techniques  for  evaluation  completed 
elements  and  performance  based  systems  which  respond  to  site  conditions 
provide  assurance  that  the  expected  structural  performance  is  achieved.  Ad¬ 
vances  in  materials,  design,  analysis,  testing  and  construction  arc  required  to 
achieve  this  level  of  structural  performance. 

Development  of  HP  Masonry 

Mason r)'  construction  uses  materials  and  construction  procedures  that  are 
essentially  unchanged  from  thc^se  established  by  experience  and  tradition  over 
past  decades.  Thus,  masoni*)^  materials  have  gradually  evolved  to  their  current 
status.  I  lowevcr,  improvements  are  needed  in  materials  performance,  testing 
procedures,  design  methods  and  construction  procedures.  Key  elements  in  I  IF 
Masonry  research  and  deployment  include  advances  in  the  following  areas: 

•  Mortar  bonds  strengths  which  exceed  unit  tensile  strength 

•  Prestressing  with  ceramic  fibers 

•  Rapid-firing  of  ceramic  units 

•  Ultra-light  weight  concrete  masonry  units 

•  Robotic  devices  for  placing  units 

Although  a  basis  of  knowledge  abcnit  specific  materials  properties  has  been 
developed,  the  interaction  mechanisms  of  all  of  masonry  materials  are  not  fully 
understood.  The  manner  in  which  applied  loads  are  transferred  within  ma¬ 
sonry  elements  and  lunv  these  elements  react  with  other  structural  members 
needs  to  be  thoroughly  documented.  Senne  of  the  influencing  factors  related  to 
hand  placement  and  site  conditions  that  affect  the  quality  of  masonry  have  been 
identified,  but  methods  of  controlling  many  of  these  parameters  have  not  been 
developed.  Testing  procedures  have  been  developed  for  individual  materials 
but  there  is  a  lack  of  prcKedures  to  evaluate  the  performance  capability  of  in- 
place  masenny 
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Current  Constraints  to  High-Performance  Masonry  Use 

Several  of  masonry’s  attributes,  such  as  its  resistance  to  seismic  and  wind 
loads,  are  not  fully  exploited  and  point  to  needed  improvements.  Job-site 
assembly  may  lead  to  inconsistent  quality,  sensitive  to  site  conditions.  The 
multiplicity  of  materials  makes  masonry  a  complex  system  for  analysis.  Due  to 
its  brittle  nature,  masonry  requires  reinforcement  to  increase  its  tensile 
strength  and  provide  ductility. 

Advances  in  the  manufacture  of  materials  are  needed  to  optimize  materials. 
Construction  methods  and  quality  control/assurance  need  to  be  evaluated  and 
modified  to  improve  the  reliability  and  economy  of  structures.  The  histori¬ 
cally  successful  performance  of  masonry  has  inhibited  the  development  of 
documented  research  on  physical  properties  and  behavior.  All  aspects  of 
masonry  materials  performance  need  to  be  better  understood,  including  the 
load  response  of  structures;  designers,  suppliers,  and  craftsmen  who  build 
with  masonry  are  often  inadequately  informed. 

Current  Projects  Demonstrating  HP  Masonry^s 
Effectiveness 

The  overall  goal  is  to  develop  HP  masonry  materials  and  components  which 
fulfill  their  structural  performance  requirements  at  minimum  cost  to  the  user 
and  to  the  environment.  Exemplary  efforts  include  the  following.  The  Techni¬ 
cal  Coordinating  Committee  for  Masonry  Research  (TCCMaR)  is  currently 
engaged  in  a  12-year  study  encompassing  materials,  small  scale  specimens, 
building  components  and  combinations,  and  full  size  multi-story  structures. 
Dynamic  loading,  analytical  models  and  design  methods  are  utilized.  Under 
the  U.S.  Army  Corps  of  Engineers  CPAR  Program,  prestressed  brickwork 
research  is  currently  underway  at  the  University  of  Nebraska.  Lastly,  wall 
systems  research  at  the  Center  for  Engineering  Ceramic  Manufacturing  is 
investigating  new  brick  unit  shapes,  mortar  materials  and  means  of  applying 
interior  finishes. 

Development  of  Research  Projects 

The  research  projects  outlined  on  the  pages  that  follow  were  given  highest 
priority  by  a  steering  committee  organized  by  the  Council  for  Masonry 
Research.  The  committee  met  under  the  auspices  of  the  Advanced  Technology 
Program  of  the  National  Institute  of  Standards  and  Technology.  This  commit¬ 
tee  recognized  that  technology  transfer  is  as  important  as  practical  or  concep¬ 
tual  research.  Thus,  each  of  the  research  areas  includes  a  means  of  applying 
the  accumulated  knowledge.  Several  of  these  research  topics  were  developed 
during  the  successful  Technical  Coordinating  Committee  for  Masonry 
Research  partially  funded  through  the  National  Science  Foundation.  The 
TCCMaR  provided  development  work  which  serves  as  a  basis  for  several 
topics. 


Centers  for 
Research  and 
Technology  Transfer 

High-Performance 
Masonry  Research 

Brick  Institute  of  America 

Center  for  Engineering  Ceramic 
Manufacturing 

National  Concrete  Masonry 
Association 

Portland  Cement  Association 

Atkinson  Noland  Associates 

Robert  Nelson  &  Associates 

Wiss,  Janney,  Elstner  Associates 

Universities  such  as  California-San 
Diego,  California-Berkeley, 
Clemson,  Colorado,  Drexel, 
Illinois,  Maryland,  Texas-Austin, 
Texas-Arlington 

Technology  Transfer 

American  Society  of  Civil 
Engineers 

Brick  Institute  of  America 

Council  for  Masonry  Research 

International  Masonry  Institute 

National  Concrete  Masonry 
Association 

The  Masonry  Society 

Trades  associations  such  as  Mason 
Contractors  Association  of 
America,  National  Lime 
Association,  Portland  Cement 
Association 

Regional  and  local  promotional 
groups  and  masonry  institutes 

Universities  such  as  California-San 
Diego, California-Berkeley, 
Clemson,  Colorado,  Drexel, 
Illinois,  Maryland,  Texas-Austin, 
Texas-Arlington 
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Prioritized  Research 
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performance  and/or  structural  integrity  may  degrade  as  a  result. 
"Smart"  materials  and  structures  would  provide  means  for  warning 
of  reduced  capacities. 
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Masonry  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Property  Sensitivity  Studies 

5 

$1,250,000 

Deterioration  Sciences 

3 

750,000 

Improved  Construction  Techniques 

3 

350,000 

Preassembly 

8 

750,000 

New  Test  Methods 

7 

1,000,000 

Year  1  Total  $4,000,000 

Cumulative  Total  $4,000,000 

2 

Property  Sensitivity  Studies 

5 

$1,000,000 

Dynamic  Properties 

8 

1,500,000 

Deterioration  Sciences 

3 

500,000 

Improved  Construction  Techniques 

3 

250,000 

Preassembly 

8 

1,000,000 

New  Test  Methods 

7 

1,000,000 

Year  2  Total  $5,250,000 

Cumulative  Total  $9,250,000 

3 

Property  Sensitivity  Studies 

5 

$1,000,000 

Dynamic  Properties 

8 

2,000,000 

Deterioration  Sciences 

3 

500,000 

Control  of  Environmental  Conditions 

8 

1,250,000 

Improved  Construction  Techniques 

3 

250,000 

Acceptance  of  Materials  and  Workmanship 

4 

300,000 

Preassembly 

8 

1,000,000 

Non-building  Applications 

4 

300,000 

New  Test  Methods 

7 

1,200,000 

Year  3  Total  $7,800,000 

Cumulative  Total  $17,050,000 

4 

Property  Sensitivity  Studies 

S 

$1,000,000 

Dynamic  Properties 

8 

1,500,000 

Control  of  Environmental  Conditions 

8 

1,000,000 

Acceptance  of  Materials  and  Workmanship 

4 

300,000 

Preassembly 

8 

1,250,000 

Non-building  Applications 

4 

400,000 

New  Test  Methods 

7 

1,200,000 

Guides  to  Design 

7 

1,000,000 

Service  Life  Prediction 

6 

200,000 

Year  4  Total  $7,850,000 

Cumulative  Total  $24,900,000 

Year 

Project 

Duration 
(m  years) 

Cost 

5 

Property  Sensitivity  Studies 

5 

$1,500,000 

Dynamic  Properties 

8 

1,500,000 

Control  of  Environmental  Conditions 

8 

1,000,000 

Acceptance  of  Materials  and  Workmanship 

4 

300,000 

Expert  Systems  for  Specifications  and  Construction 

6 

200,000 

Preassembly 

8 

1,000,000 

Non-building  Applications 

4 

400,000 

Smart  Materials  and  Structures 

6 

200,000 

New  Test  Methods 

7 

1,200,000 

Guides  to  Design 

7 

1,000,000 

Service  Life  Prediction 

6 

200,000 

Year  5  Total  $8,500,000 

Cumulative  Total  $33,400,000 

6 

Improved  Mechanical  Properties 

5 

$1,500,000 

Dynamic  Properties 

8 

2,000,000 

Control  of  Environmental  Conditions 

8 

1,000,000 

Acceptance  of  Materials  and  Workmanship 

4 

350,000 

Expert  Systems  for  Specifications  and  Construction 

6 

250,000 

Preassembly 

8 

1,000,000 

Non-building  Applications 

4 

400,000 

Smart  Materials  and  Structures 

6 

300,000 

New  Test  Methods 

7 

1,200,000 

Guides  to  Design 

7 

1,000,000 

Service  Life  Prediction 

6 

250,000 

Year  6  Total  $9,250,000 

Cumulative  Total  $42,650,000 

7 

Improved  Mechanical  Properties 

5 

$1,000,000 

Dynamic  Properties 

8 

2,000,000 

Control  of  Environmental  Conditions 

8 

1,250,000 

Expert  Systems  for  Specifications  and  Construction 

6 

250,000 

Preassembly 

8 

1,250,000 

Smart  Materials  and  Structures 

6 

400,000 

New  Test  Methods 

7 

1,000,000 

Guides  to  Design 

7 

1,000,000 

Service  Life  Prediction 

6 

250,000 

Year  7  Total  $8,400,000 
Cumulative  Total  $51,050,000 
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Year 


Project 


Duration 
(in  years) 


Cost 


8 

Improved  Mechanical  Properties 

5 

Dynamic  Properties 

Control  of  Environmental  Conditions 

8 

8 

Expert  Systems  for  Specifications  and  Construction 

6 

Preassembly 

8 

Smart  Materials  and  Structures 

6 

Guides  to  Design 

Service  Life  Prediction 

7 

6 

lililililllil 


Year  8  Total  $6,400,000 
Cumulative  Total  $57,450,000 


Improved  Mechanical  Properties 

5 

Dynamic  Properties 

Control  of  Environmental  Conditions 

8 

8 

Expert  Systems  for  Specifications  and  Construction 

6 

Smart  Materials  and  Structures 

6 

Guides  to  Design 

7 

Service  Life  Prediction 

6 

Year  9  Total  $5,900,000 
Cumulative  Total  $63,350,000 


10 

Improved  Mechanical  Properties 

5 

$1,500,000 

Control  of  Environmental  Conditions 

8 

2,000,000 

Expert  Systems  for  Specifications  and  Construction 

6 

300,000 

Smart  Materials  and  Structures 

Guides  to  Design 

6 

7 

Year  10  Total  $5,100,000 
Cumulative  Total  $68,450,000 

Masonry  Working  Group  Members 


Mark  B.  Hogan 
Chairperson 

Council  for  Masonry  Research 


J.  Gregg  Borchelt 
Brick  Institute  of  America 

Don  Grant 

Denis  Brosnan  Grant  Contracting  Company 

Center  for  Engineering  Ceramic  Manufacturing 

Al  Isberner 

James  Colville  Consulting  Engineer 

University  of  Maryland 

Richard  Klingner 

Tim  Conway  University  of  Texas-Austin 

Holnam 

John  Melander 

Howard  Droz  Portland  Cement  Association 

Smith,  H  inch  man  &  Grylls  Associates 

Jim  Noland 

Tony  Fiorato  Atkinson  Noland  Associates 

Portland  Cement  Association 

Paul  Stutzman 

Harry  Francis  National  Institute  of  Standards  and  Technology 

National  Lime  Association 
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Chapter  9 

High-Performance 
Roofing  Materials 


Annually,  the  U.S.  construction  industry  spends  more  than  $16  billion  on 
roofing;  approximately  25  percent  ($4.1  billion)  is  used  for  residences.  Approxi¬ 
mately  79  percent  ($13.1  billion)  of  the  total  roofing  market  consists  of  work  on 
existing  buildings  (repairs  and  re-roofing),  with  the  remaining  21  percent  for 
new  construction.  On  many  large  commercial  buildings,  the  roof  accounts  for 
more  than  one-half  of  the  building’s  exterior,  protecting  the  building  from  the 
elements.  Current  roofing  industry  estimates  indicate  that  more  than  2  billion 
square  meters  (25  billion  square  feet)  of  low-slope  roofs  are  in  place  in  the 
U.S.;  in  addition,  there  are  roofs  on  an  estimated  100  million  homes.  Not  only 
are  roofs  an  important  and  substantial  component  of  the  construction  industry, 
but  also  roofs,  more  so  possibly  than  any  other  building  component,  must 
withstand  moisture,  variations  in  temperature,  and  wind  and  building  move¬ 
ments.  Roofs  must  also  be  able  to  withstand  nature’s  worst  disasters,  such  as 
fires,  hailstorms,  hurricanes  and  earthquakes. 


We  need  to  look  at 
buildings  as  long-term 
investments  and  need  to 
develop  roof  systems  that 
will  serve  for  a  hundred 
years  or  more. 


However,  Hurricane  Andrew  and  Hugo,  as  well  as  the  recent  tornadoes  in 
Georgia,  Illinois,  and  Texas,  have  demonstrated  that  more  research  and  develop¬ 
ment  work  must  be  done  on  roof  systems  so  that  they  will  perform  in  high 
wind  situations.  As  evidenced  by  the  rebuilding  required  after  the  storms, 
current  roof  systems  are  insufficient  for  such  significant  wind  uplift  forces.  By 
developing  a  roofing  system  that  could  account  for  these 
forces,  the  U.S.  could  save  billions  of  dollars  in  future  re¬ 
building  efforts.  In  addition,  other  developments  in  roofing 
systems  may  reduce  building  energy  use  by  up  to  50  percent 
in  some  southern  climates. 


Similarly,  enormous  economic  benefits  could  be  realized  in 
the  U.S.  by  extending  the  average  useful  life  of  roofs.  The 
roofing  industry  estimates  that  savings  in  roof  replacement 
costs  to  building  owners  of  approximately  $8.8  billion  could 
be  realized  in  the  U.S.  for  each  year  it  is  possible  to  extend  the 
average  useful  life  of  roofs. 


What  is  a  High-Performance  Roof  System? 


We  need  to  look  at  buildings  as  long-term  investments  and 
need  to  develop  roof  systems  that  will  serve  for  a  hundred  years  or  more.  A  roof 
can  be  characterized  as  a  system  because  it  is  composed  of  several  materials 
assembled  in  separate  operations,  necessarily  at  the  job  site.  These  materials  may 
include  a  vapor  retarder,  thermal  insulation,  mechanical  fasteners  or  adhesives, 
the  waterproofing  membrane,  and  a  surfacing.  Thus,  the  study  of  superior,  high 
performance  roofs  should  involve  the  study  of  the  roof  as  a  system. 
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Courtesy  of  National  Roo^ng  Contractors  Association 


Unlike  a  conventional  roof,  high-performance  roof  systems  will  have  such 
qualities  as  improved  wind  and  fire  resistance,  longer  service  life  and  lower  life- 
cycle  costs,  and  improved  energy  efficiency.  A  high-performance  roof  system 
will  include  one  or  more  of: 


A  central  source  for  roofing 
materials  research  does  not 
exist  in  the  U.S. 


Improved  Functional  Performance 

•  Enhanced  impact  resistance 

•  Enhanced  fire  resistance 

•  Enhanced  wind  resistance 

•  Improved  acoustical  properties 

•  Enhanced  weather  tightness 

•  Self-diagnosing  and  self-healing  properties 

•  Improved  predictability 

•  Improved  compatibility  with  other  building  components 

•  Heat  reflectivity 

Improved  Efficiencies 

•  Easier  to  transport  and  store 

•  Easier  to  install  In  all  weather  conditions 

•  Easier  to  inspect 

•  Easier  to  maintain 


Automated  rooftop  equipment  for  the  application  of  sprayed  polyurethane 
foam  and  coating  roofing  materials  at  controlled,  uniform  rates. 


•  Easier  to  repair 

Improved  Health  and  Environmental  Compatibility 

•  Improved  safety  in  the  manufacturing  environment 

•  Improved  safety  for  applicators 

•  Improved  safety  for  occupants 

•  Aesthetically  pleasing 

•  Environmentally  friendly 

Development  of  High-Performance  Roof 
Systems 

On  average,  a  roof  on  a  typical  building  has  a  useful  life  of 
apprc^ximately  12  to  15  years  before  repair,  if  not  complete 
replacement,  is  necessary.  Hem^ver,  it  is  not  unusual  to  find  a 
roof  that  has  performed  satisfactorily  for  up  to  50  years  — even 
longer  in  some  instances. 


The  performance  of  roofs  has  long  been  regarded  to  rely  heavily 
on  the  use  of  proper  roofing  materials,  and  proper  design  and 
installation.  Wliile  it  is  already  pc:)ssible  to  produce  roc)fs  with  a 
longer  than  average  service  life,  roof  designers  and  building  owners  generally 
consider  the  associated  costs  of  be  prohibitive.  At  the  same  time,  the  industry 
has  yet  to  perfect  a  method  to  optimize  all  the  factors  necessary  to  consistently 
produce  roofs  of  a  maximum  service  life  potential. 


In  addition  to  the  attributes  necessary  for  roofs  of  the  past,  roofs  of  today  and 
the  future  have  new  demands  placed  on  them,  as  well.  For  example,  roofs 
today  play  a  large  role  in  the  overall  thermal  efficiency  of  buildings,  much 
more  so  than  25  years  ago.  Also,  roofs  must  be  environmentally  safe  during 
manufacture,  installation,  throughout  their  service  lives,  and  upon  their  even¬ 
tual  disposal. 

The  study  of  high  performance  roof  systems  should  be  oriented  toward  opti¬ 
mizing  the  performance  of  roof  materials,  workmanship  and  design  concepts  to 
achieve  a  maximum  service  life,  while  also  expanding  to  address  the  needs  of 
today  and  the  future. 

Current  Constraints  to  High-Performance  Roofs 

Although  the  goals  for  high-performance  roof  systems  are  clear,  the  roofing 
industry  in  the  U.S.  needs  research  programs  to  guide  it  toward  high  perfor¬ 
mance  roof  systems.  Currently,  the  amount  of  ongoing  research  in  the  industry 
is  minimal.  There  are  no  industry-specific,  university-sponsored  research 
programs  in  place;  thus,  only  a  few  of  the  goals  listed  above  have  been  met. 
Furthermore,  only  a  minimal  number  of  programs  are  underway  where 
roofing  is  incidental  to  an  overall  larger  scope. 

The  roofing  material  manufacturing  community  is  diverse,  and  only  a  few 
firms  have  any  ongoing  research  activities.  Also,  a  central  source  for  roofing 
materials  research  does  not  exist  in  the  U.S.  The  need  for  new  direction  in 
roof  system  research  is  clear  if  we  are  to  address  the  problems  that  have  faced 
the  industry  for  decades  and  expand  to  fit  the  demands  and  needs  of  the  future. 
Currently,  industry-sponsored  initial  research  is  underway  at  Colorado  State 
University  and  Texas  Tech  University  regarding  the  wind  resistance  of  asphalt 
shingle  roofs  and  roof  edge  detailing.  Such  research  should  have  a  notable 
impact  on  the  wind  resistance  of  roof  systems. 

Current  Projects  Demonstrating  the  Effectiveness  of  High- 
Performance  Roof  Systems 

The  Lawrence  Berkeley  Laboratory  (LBL)  project  on  cool  building  materials 
illustrates  the  benefits  of  high  performance  roof  systems.  LBL  research  has 
shown  that  cool  roof  surfaces,  those  which  reflect  visible  and  near  infrared 
radiation,  may  reduce  building  energy  use  by  up  to  50  percent  in  some  hot 
climates.  Identifying  and  developing  efficient  reflective  roof  materials  may 
result  in  reduced  energy  costs.  Moreover,  these  materials,  unlike  conventional 
roof  materials,  may  better  protect  roof  surfaces  and  provide  for  a  long  service 
life. 

AJoint  government  and  industry-sponsored  research  program  is  being  con¬ 
ducted  at  Oak  Ridge  National  Laboratory  evaluating  the  effectiveness  of 
replacement  blowing  agents  for  thermal  insulation  where  ozone  depleting 
materials  were  previously  used.  This  research  will  result  in  updated  criteria  for 
determining  the  thermal  resistance  of  certain  thermal  insulation  products  and 
should  result  in  the  initial  concepts  for  developing  the  next  generation  of 
thermal  insulation  materials. 


Centers  for  High- 
Performance  Roofing 
Materials  Research 

Clemson  University 

Colorado  State  University 

Army  Construction  Engineering 
Research  Laboratory 

Army  Cold  Regions  Research  & 
Engineering  Laboratory 

Lawrence  Berkeley  Laboratory 

National  Institute  of  Standards  and 
Technology 

Oak  Ridge  National  Laboratory 
Texas  Tech  University 
U.S.  Air  Force 

U.S.  Army  Corps  of  Engineers 
U.S.  Navy 


Centers  for  High- 
Performance 
Roofing  Materials 
Technology  Transfer 

Asphalt  Roofing  Manufacturers 
Association 

National  Roofing  Contractors 
Association 

Roof  Coatings  Manufacturers 
Association 

Roofing  Industry  Educational 
Institute 

Single  Ply  Roofing  Institute 
Various  materials  manufacturers 
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Roofing  Material  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

2,500,000 

Wind  resistance 

6 

2,000,000 

Application 

5 

500,000 

Health  and  safety 

10 

1,000,000 

Information  database 

10 

2,500,000 

Year  1  Total  $9,500,000 

Cumulative  Total  $9,500,000 

2 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Wind  resistance 

6 

2,000,000 

Application 

5 

500,000 

Health  and  safety 

10 

1,000,000 

Information  database 

10 

2,500,000 

Year  2  Total  $8,000,000 

Cumulative  Total  $17,500,000 

3 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Wind  resistance 

6 

2,000,000 

Application 

5 

3,000,000 

Health  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

"Cool"  roofing  materials 

6 

1,500,000 

Roofing  research  center 

8 

1,437,500 

Year  3  Total  $11,937,500 

Cumulative  Total  $29,437,500 

4 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Wind  resistance 

6 

2,000,000 

Application 

5 

3,000,000 

Heath  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

Hail  resistance 

6 

2,000,000 

"Cool"  roofing  materials 

6 

1,000,000 

Roofing  research  center 

8 

1,437,500 

Year  4  Total  $13,437,500 

Cumulative  Total  $42,875,000 
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Year 

Project 

Duration 
(in  years) 

Cost 

5 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Wind  resistance 

6 

2,000,000 

Application 

5 

3,000,000 

Health  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

Hail  resistance 

6 

2,000,000 

"Cool"  roofing  materials 

6 

1,000,000 

Roof  coatings 

5 

1,000,000 

Roofing  research  center 

8 

1,437,500 

Year  5  Total  $14,437,500 

Cumulative  Total  $57,312,500 

6 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Wind  resistance 

6 

1,000,000 

Health  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

Hail  resistance 

6 

2,000,000 

"Cool"  roofing  materials 

6 

1,000,000 

Thermal  efficiency 

5 

1,000,000 

Roof  coatings 

5 

1,000,000 

Roofing  research  center 

8 

1,437,500 

Year  6  Total  $11,437,500 

Cumulative  Total  $68,750,000 

7 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Heath  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

Hail  resistance 

6 

2,000,000 

"Cool"  roofing  materials 

6 

1,000,000 

Thermal  efficiency 

5 

1,000,000 

Roof  coatings 

5 

1,000,000 

Roofing  research  center 

8 

1.437,500 

Year  7  Total  $10,437,500 

Cumulative  Total  $79,187,500 

Project 


Service  life 
Diagnostic  methods 
Health  and  safety 
Information  database 
Hail  resistance 
“Cool"  roofing  materials 
Thermal  efficiency 
Roof  coatings 
Roofing  research  center 


Duration 
(in  years) 


5  1,000,000 

5  1,000,000 

8  1,437,500 

Year  8  Total  $9,937,500 
Cumulative  Total  $89,125,000 


Service  life 

10 

Diagnostic  methods 

10 

Heath  and  safety 

10 

Information  database 

10 

Hail  resistance 

6 

Thermal  efficiency 

5 

Roof  coatings 

5 

Roofing  research  center 

8 

$  1,000,000 
1,000,000 
1,000,000 
1,000,000 
500,000 
1,000,000 
1,000,000 
1,437,500 


Year  9  Total  $7,937,500 
Cumulative  Total  $97,062,500 


10 

Service  life 

10 

$  1,000,000 

Diagnostic  methods 

10 

1,000,000 

Heath  and  safety 

10 

1,000,000 

Information  database 

10 

1,000,000 

Thermal  efficiency 

5 

1,000,000 

Roofing  research  center 

8 

1,437,500 

Year  10  Total  $6,437,500 

Cumulative  Total  $103,500,000 
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Roofing  Working  Group  Members 


William  A.  Good 
Chairperson 

National  Roofing  Contractors  Association 


llker  Adiguzel 

Construction  Engineering  Research  Laboratories 

David  A.  Brown 
Merchant  &  Evans  Inc. 

John  L.  Clinton 
NRG  Barriers 

Meredith  W.(Bill)  Croucher,  Jr. 

Alcan  Building  Products 

Mark  S.  Graham 

National  Roofing  Contractors  Association 
Joseph  Hobson 

Asphalt  Roofing  Manufacturers  Association 


Conrad  A.  Kawulok 
B  &  M  Roofing  of  Colorado,  Inc. 

Steven  Kruger 
L.E.  Schwartz  &  Son,  Inc. 

W.J.  "Skip"  Leonard 
Tampko  Asphalt  Products 

Walter  J.  Rossiter,  Jr. 

National  Institute  of  Standards  and  Technology 
Thomas  L.  Smith 

National  Roofing  Contractors  Association 
Richard  D.  Synder 

Asphalt  Roofing  Contractors  Association 


Chapter  10 

Smart  Material  Devices 
and  Monitoring  Systems 


Conventional  construction  methods  for  buildings,  roads,  and  bridges  do  not 
have  the  ability  to  provide  data  about  usage,  about  remaining  life,  or  about 
specific  areas  requiring  maintenance.  Other  than  by  infrequent  on-site  inspec¬ 
tion,  state  and  local  authorities  responsible  for  maintenance  and  upkeep  have 
little  or  no  access  to  this  crucial  information.  For  example,  the  U.S.  currently 
has  no  means  to  monitor  load  or  evaluate  accumulated  damage  to  our  more 
than  575,000  bridges.  And  annually,  an  estimated  1,000  bridges  will  be  “lost.” 

However,  by  further  developing  and  applying  emerging  technology  in  smart 
materials,  together  with  a  communications  infrastructure,  the  United  States 
could  better  manage  its  constructed  facilities.  In  particular,  bridge  management 
could  include  remote  monitoring  to  obtain  key  information  concerning  bridge 
health,  including  water  flow  rates,  scouring  effects,  and  support  creep,  as  well 
as  icing  conditions  and  fatigue  and  corrosion  damage.  By  incorporating  smart 
materials,  a  sizable  percentage  of  the  interstate  system  of  bridges  and  highways 
could  be  monitored  and  maintained  in  a  more  cost-efficient  manner.  As  an 
added  benefit,  the  proposed  information  network  that  will  make  this  possible 
could  also  track  much  of  the  hazardous  materials  transport  on  our  highways. 

The  promise  that  smart  materials  holds  for  bridge  management  also  holds  true 
for  our  interstate  pipeline  and  storage  tank  system.  By  application  of  simple 
materials-based,  low  maintenance  sensor-suites,  the  integrity  of  pipelines  can 
be  monitored  in  real-time  for  impending  failure  and  for  efficient,  timely 
deployment  of  maintenance  and  repair  crews. 


...bridge  management 
could  include  remote 
monitoring  to  obtain  key 
information  concerning 
bridge  health,  including 
water  flow  rates,  scouring 
effects,  and  support  creep, 
as  well  as  icing  conditions 
and  fatigue  and  corrosion 
damage. 


What  are  Smart  Material  Devices 
and  Monitoring  Systems? 

Most  smart  or  active  materials  are  materials  different  from,  but 
overlapping,  new  coating  materials.  They  are  often  integrated 
into  smart  or  adaptive  systems.  These  materials  are  character¬ 
ized  by  their  ability  to  change  physically  in  a  predictable  and 
measurable  way  in  response  to  load,  temperature,  pressure, 
fatigue,  corrosion,  and  other  factors.  These  materials  include 
an  array  of  technologies  from  fiber-optic,  piezoelectric  and 
chemical  sensors  to  ultraflat  antenna  to  micro-electrome¬ 
chanical  devices  and  microsensors.  These  may  be  surface 
mounted,  as  on  an  I-beam  or  embedded  in  structural  ele¬ 
ments,  as  in  concrete  or  composite  building,  road,  and  bridge 
components.  These  devices  can,  for  example,  measure  instan¬ 
taneous  or  peak  strain  in  load-bearing  members;  and  detect 
corrosion,  fatigue,  or  cracking  in  metal  rods  and  girders; 
measure  ice  build-up  on  bridges;  and  weigh-in-motion.  All  the 
transmitted  to  remote  monitoring  sites. 


Savannah  River  Bridge  on  1-95,  Savannah  Georgia.  Web  deflection  sensor 
installation.  The  sensor  monitors  the  peak  out-of-plane  deflection  of  a 
girder  v/eb. 

data  can  be 
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A  substantial  part  of  smart  device  development,  including 
basic  materials  composition  and  device  design,  has  been 
accomplished  within  the  aerospace  industry  and  national 
laboratories.  Examples  include  a  range  of  fiber-optical 
sensors,  piezoelectric  and  elcctrostrictive  devices,  electro- 
rheological  fluids,  and  memory  metals.  Recently,  these 
materials  have  formed  the  basis  for  a  new  family  of  micro¬ 
electromechanical  systems  (MEMS)  and  ultraflat  and 
conformal  microantennas.  The  sidebar  to  the  left  provides 
a  brief  synopsis  of  these  materials  and  their  applications. 

Applications  of  Smart  Material 
Devices  and  Monitoring  Systems 

Although  the  construction  industry  already  uses  an  array  of 
measuring  and  testing  devices,  they  do  not  meet  the 
emerging  demand  for  information  about  our  aging  infra¬ 
structure.  They  do  not  satisfy  our  demands  for  direct 
information  access  posed  by  road  users,  construction 
industries  and  oversight  agencies,  and  they  do  not  satisfy 
the  federal  government’s  need  to  improve  maintenance 
procedures.  Smart  material  devices  and  monitoring  sys¬ 
tems  incorporated  into  Intelligent  Vehicle  Elighway  Sys¬ 
tems  (IVHS)  applications  will  provide  low-cost  solutions  to 
maintain  the  structural  integrity  of  infrastructure.  These 
new  materials  will  monitor  the  life  cycle  of  our  roads, 
bridges,  buildings  and  pipelines  in  a  non-invasive  manner 
that  will  make  possible  more  efficient  use  of  our  work 
force  and  of  our  maintenance  dollars. 

Sensors  and  actuators  based  upon  smart  technology 
encompass  a  variety  of  devices  and  applications  from 
sensors  that  measure  environmental  conditions,  to  struc¬ 
tural  information  actuators  that  stiffen  locally  or  othenAnse 
alter  their  structural  character  on  demand.  They  also 
include  communication  devices  that  exploit  unusual  optical 
or  electromagnetic  properties  of  certain  materials. 

Smart  material  devices  and  monitoring  systems  can  also 
provide  data  about  materials  (cracking  and  fatigue),  about 
the  environment  (icing  and  water  flow  rates),  and  about 
daily  or  total  use  (traffic  flow  and  loading).  The  data  can  be 
transmitted  into  on-site  storage  devices  or  directly  down¬ 
loaded  into  state  Departments  of  Transportation  (DOTs), 
where  continuous  or  sequential  monitoring  of  bridges  and 
culverts  can  be  automated.  The  same  data  can  be  coupled 
into  local  area  networks  and  radio  transmission  to  provide  automated  motorist 
warnings  of  impending  flooding,  icing,  or  structural  failure.  Smart  materials 
embedded  into  concrete  roadways  can  monitor  the  locations  of  hazardous 
materials  shipments  and  that  data  can  be  transmitted  to  responsible  parties 
wherever  located.  Similarly,  information  about  traffic  flow,  including  speed, 
loads,  and  volume  can  be  accumulated  and  made  available  to  both  road  users 
and  DOTs.  The  following  figure  illustrates  such  a  system. 


Energy  Sensor  Materials 


Material 

Device  Type 

Applications 

Piezo  and 
Elcctrostrictive 

Shear,  pressure, 
load  sensor. 

Local  stiffening 
actuator. 

Vibration  sensing. 

Load  sensing.  Noise 
cancellation.  Shear 
sensing.  Cracking. 
Delamination. 

Transducers 

Acoustic 
emission.  Surface 
Wave. 

Fatigue  and  corrosion. 
Cracking. 

Silicon-based 

devices 

Sensors.  Data 

transmission. 

Communications 

medium. 

Vibration  sensing. 
Temperature  sensor. 
Load  sensor.  Data 
transmission  uplink. 
Automated  travelers 
advisories.  IVHS  data 
uplink. 

Memory  metals 

i 

Thin  film  devices. 
Shape  memory 
actuators  and 
sensors.  TRIP 
steel  sensors. 

Load  sensing.  Shape 
and  position 
restoration.  Local 
stiffening.  Peak  load 
storage.  Out-of-plane 
deflections  storage. 
Maximum  load 
storage. 

MEMS 

Pressure,  load 

sensors. 

Micromachines. 

Load  sensing. 
Micro-repair. 

Polymer 

Piezopolymer 
sensors.  BST 
sensors  and 

actuators. 

Load  and  shear 
sensing.  Corrosion, 
Microcracking. 

Active  atenna 

Integrated 

sensing. 

Microwave 

communication. 

Information 

networking. 

IDT  shear  sensors. 
Corrosion  sensors. 

Local  wireless 

communication. 

Automated  travelers 
advisories.  Satellite 
uplinks.  IVHS  data 
uplink. 

Rare  earth 

Chemical  sensing. 

Magnetostrictive 

actuation. 

Corrosion.  Local  and 
global  stiffeners. 

In  addition,  smart  materials’  successful  history  in  aircraft,  spacecraft,  medical 
and  automotive  applications  has  dispelled  concern  about  how  these  devices  and 
materials  stand  up  to  heavy  use  and  harsh  environments.  Indeed,  typical  results 
indicate  that  smart  material-based  devices  can  be 
fabricated  more  cost  effectively  than  existing 
conventional  measurement  devices  and  that  such 
devices  can  withstand  harsh  and  brutal  environ¬ 
ments.  Typical  results  indicate  that  materials-based 
devices  not  only  last  many  times  longer  but  also 
are  expected  to  be  smaller,  lighter  and  cheaper 
than  conventional  sensors,  actuators,  and  commu¬ 
nications  systems. 

Many  smart  materials-based  devices  have  proved 
operational  over  a  range  of  temperatures  and 
pressures  and  remain  unaffected  by  local  electro¬ 
magnetic  or  radio  conditions.  A  number  are 
already  commercially  available  in  rugged  designs 
suitable  for  buildings,  roads,  bridges,  and  IVHS 
applications. 

Properties  and  Benefits  of  Smart 
Material  Devices  and  Monitoring 
Systems 

Using  smart  materials  in  structural  or  primary  construction  components  of 
roads  and  bridges  will  substantially  improve  the  monitoring  capabilities  of  the 
user  while  simultaneously  reducing  on-site  inspection  requirements.  For  state 
DOTs,  this  capability  can  be  integrated  easily  into  automated  advisory  systems 
for  both  local  emergency  services  and  the  road  user.  It  can  also  provide  early 
warning  of  excess  loading  conditions,  catastrophic  failure,  or  unusual  environ¬ 
mental  hazards. 


Distributed  Array  of 
Microwave  Antennas/ 
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Transducers 
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Highway 


Data  Transmission  via 
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Receiving  DSP  Processor 
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Remote  Bridge  Health  Monitoring  System 


The  obvious  value  of  smart  materials  and  devices  is  their  ability  to  respond 
to  the  environment  or  to  the  structural  behavior  of  their  host  material  (the 
primary  or  secondary  structural  element  to  which  they  are  attached  or 
embedded).  For  example,  “memory  metals”  such  as  TRansformation 
INduced  Plasticity  (TRIP)  steel  alloys  retain  information  about  peak  strain 
for  later  data  retrieval.  Similarly,  Shape  Memory  Alloys  (SMAs)  tend  to 
restore  a  structural  component  to  its  original  shape,  stiffness,  or  orientation. 
This  restoration  is  a  function  of  a  metallic  memory  selected  and  incorpo¬ 
rated  in  the  alloy  during  its  formation. 

The  following  photos  illustrate  the  inclusion  of  fiber  optic-based  sensors  in 
the  primary  load  bearing  elements  of  a  variety  of  structures.  These  silicon- 
based  sensors  were  incorporated  during  the  construction  phases,  and  now 
provide  both  internal  load  bearing  sensor  capability  and  their  own  data 
transmission  lines  from  these  strategically  placed  sensor  elements. 

As  high  production  volumes  will  likely  result  from  these  type  of  applica¬ 
tions,  many  of  these  devices  should  be  inexpensive.  For  example,  micro¬ 
electromechanical  pressure  sensors  less  than  0.02  mm  square  in  size  could  be 
produced  for  less  than  20  cents  per  unit. 


Fiber  optic  pressure  and  vibration  sensors  were 
placed  within  the  circa  1920  wooden  dam  (while  the 
dam  was  being  renovated). 
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Development  of  Smart  Material  Devices 
and  Monitoring  Systems 

The  work  yet  to  be  done  in  tliis  area  is  extensive.  In  developing  and  adapting 
smart  materials  for  monitoring  and  evaluating  the  infrastructure,  industty 
standards  for  active  devices  and  adaptive  materials  must  be  developed.  Exten¬ 
sive  field  testing  will  be  necessar)^  to  replicate  sensor  readings,  security  and 
reliability  of  communications,  and  effectiveness  of  data  interpretation  and 
evaluation  criteria.  Microwave,  optical,  and  laser  local  data  gathering  systems 
must  be  developed,  and  various  methods  for  long-range  data  transmission  must 
be  tested  and  adapted.  Once  the  information  gathering  and  transmission 
“backbone”  is  established,  a  decisions  process  must  be  developed  for  the  type  of 
information  needed.  Also,  frameworks  for  usage  histories  and  fatigue  patterns 
must  be  established. 

In  addition,  quality  assurance/quality  control  manufacturing  procedures  must 
be  developed  to  assure  smart  materials-based  devices  are  both  sturdy  and 
accurate.  At  the  same  time,  production  techniques  must  be  developed  to  assure 
lowest-cost  manufacturing. 

To  arrive  at  an  integrated  information  gathering  and  transmission  system  that 
exploits  all  the  recent  advances  in  smart  materials  and  device  technologies,  the 
design  must  accommodate  and  complement  the  tools  and  procedures  already 
established  within  the  construction  industr)^.  New  diagnostic  and  repair  tools 
must  mesh  with  methods  and  processes  already  in  place.  Laboratory  testing 
programs  must  develop  techniques  usable  by  the  construction  engineer  to 
enhance  the  actual  construction  process. 

Current  Constraints  to  Smart  Materials  Use 

The  accessibility  of  high  quality  materials  and  devices,  as  well  as  the  lack  of 
geographically  broad  standards,  constrain  the  acceptance  and  incorporation  of 
smart  materials  into  advanced  construction.  Although  most  of  the  materials 
currently  exist,  they  are  not  generally  available  for  commercial  use.  Only  the 
piezoceramics  devices  are  commercially  available.  Despite  having  been  devel¬ 
oped  primarily  within  U.S.  laboratories,  these  materials  are  generally 
available  only  from  the  Far  East.  Even  when  available,  the  quality  is  poor 
and  the  costs  arc  high.  Consequently,  their  adaptation  into  infrastructure 
applications  (including  IVI  IS)  is  not  currently  feasible. 

Our  present  lack  of  investment  into  key  technologies  such  as  self¬ 
repairing  concretes,  micro-electromechanical  devices,  memory  metals 
and  ultraflat  antenna  devices  that  can  potentially  be  produced  for  a  few 
pennies  per  unit,  is  the  central  concern.  These  technologies  may  provide 
substantially  longer  lives  for  primar)^  and  secondar)^  construction,  can 
Close-up  showing  optical  fiber  that  has  been  placed  within  reduce  or  eliminate  on-site  inspection  requirements  and  can  provide 

the  rebar  grid^all  of  which  will  be  encased  within  concrete,  affordable  nio.iitoring  of  pavcniciit,  bolts,  reinforcing  reads  and  all  otlier 

structnral  elements.  Despite  the  need  and  despite  the  long-term  eco¬ 
nomic  gains,  the  state  DDTs  cannot  prox’ide  the  level  of  funding  necessary  to 
create  this  new  industry.  For  these  reascans,  a  timely  and  substantial  infusican  caf 
pri\’ate  and  public  sectcar  funds  is  critical. 

Federal  agencies  such  as  NIST,  FI  IWA,  and  USAGE  must  take  the  lead  in 
establishing  standards  for  infrastructure  applicaticans  (rcaads,  railways,  bridges, 
buildings,  pipelines,  and  IVI  IS)  using  these  emerging  smart  material  devices 


Despite  having  been 
developed  primarily  within 
U.S.  laboratories,  these 
materials  are  generally 
available  only  from  the  Far 
East. 


and  monitoring  systems.  These  standards  should  address  not  only  the  charac¬ 
teristics  of  the  materials  and  devices  themselves,  but  also  the  installation  and 
testing  procedures  to  be  used  off-site  and  in  the  field. 

Without  proper  data  processing  tools,  the  application  of  smart  material  devices 
and  monitoring  systems  would  be  of  little  merit.  Basic  sensor  information  must 
be  converted  into  useful  structural,  environmental,  or  usage  figures.  This  is  a 
matter  of  fundamental  research.  For  example,  the  newly  developed  varieties  of 
sensors  for  detecting  corrosion  and  cracking  are  of  little  value  without  the 
software  routines  to  determine  whether  the  data  actually  indicates  structural 
damage  or  deterioration  and,  if  so,  where  the  damage  is  located.  Processing 
capability  is  needed  initially  to  aid  construction  and  enhance  quality,  and  later  to 
support  field  maintenance  and  to  inform  catastrophic  failure  remotely. 

Current  Use  of  Smart  Material  Devices 
and  Monitoring  Systems 

Smart  materials  have  already  become  commonplace  in  society  with  examples 
like  shape  memory  metal  eyeglasses,  piezoceramic  copier  devices,  viscoelastic 
brake  pads,  and  active  polymeric  implants.  They  are  also  the  key  enabling 
technology  in  other  applications  such  as  electrostrictive  devices  implementing 
essential  adaptive  optics  on  the  Hubble  telescope,  and  correction  factors  on 
groundbased  telescopes,  piezoceramics  implementing  high-speed  data  access 
on  optical  hard  drives,  and  fiber-optic  monitoring  of  composite  cure  cycles. 
These  smart  materials  have  revolutionized  segments  of  the  medical  profession 
in  applications  ranging  from  shape  memory  catheters  to  piezoelectric  con¬ 
trolled  drug  delivery  systems.  The  automotive  industry  is  currently  incorporat¬ 
ing  smart  materials  in  low  frequency  electro-rheological  damping  and  high 
frequency  piezoelectric  damping  mechanisms,  piezoceramically  controlled 
mirror  isolation.  Viscoelastic  brake  shoes  with  piezoelectric  sensor  modules  are 
now  standard  on  a  number  of  production  vehicles.  Many  other  innovations 
using  smart  materials  are  under  commercial  development  such  as  air  bag 
sensors,  impact  sensors,  local  impact  stiffeners,  active  constrained  layer  damp¬ 
ing,  active  prosthetic  materials,  disc  drive  isolation  mounts  and  global  position¬ 
ing  systems. 


Smart  materials  have 
already  become 
commonplace  in  society 
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piezoceramic  copier 
devices,  viscoelastic  brake 
pads,  and  active  polymeric 
implants. 


Centers  for  Smart 
Materials  Research 

Pennsylvania  State  University 

Virginia  Polytechnic  Institute  &  State 
University 

University  of  Maryland 
Rensselaer  Polytechnic  Institute 
University  of  Illinois 
University  of  Texas  at  Arlington 
Sandia  National  Laboratory 
Brookhaven  National  Laboratory 


113 

Smart  Material  Devices  and  Monitoring  Systems 


Prioritized  Research  Projects 
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Behavior  modification  Self-repairing  systems  To  provide  autamated  self-  Indentify  and  develop  lad-bearing  phase  5  years  $9.0M  ARPA  Delay  of  the  onset  of 

and  lifetime  extension  repairing  concrete  and  steel  transiton  alloys.  Develop  self-repairing  NSF  catastrophic  failure, 

of  structural  systems.  concretes.  DOE  Automated  structural 

comoonents  FHA  compensation  for  erosion 
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Total  Program  Outlay  $206.0M 


Smart  Materials  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Assessment  of  potential  technologies  and  systems 

2 

$2,100,000 

Development  of  high  sensitivity,  durable 

5 

2,500,000 

sensor  materials 

Development  of  application  specific  device 

4 

2,100,000 

technologies 

Simulation  and  analysis 

4 

2,400,000 

Hardened  processing,  storage  and  on-site  access 

3 

1,200,000 

Self-repair  systems 

5 

1,600,000 

Passive  and  active  structural  modification 

4 

2,800,000 

Year  1  Total  $14,700,000 

Cumulative  Total  $14,700,000 

2 

Assessment  of  potential  technologies  and  systems 

2 

$2,900,000 

Development  of  high  sensitivity,  durable  sensor 

5 

3,500,000 

materials 

Development  of  application  specific  device 

4 

2,700,000 

technologies 

Development  of  application  electronics 

6 

1,300,000 

Simulation  and  analysis 

4 

3,200,000 

:  Environmental  effects 

3 

1,500,000 

Device  protection 

5 

2,100,000 

Evaluation  of  large  scale  measurement  systems 

2 

2,500,000 

Hardened  processing,  storage  and  on-site  access 

3 

1,500,000 

Self-repair  systems 

5 

2,000,000 

Passive  and  active  structural  modification 

4 

3,200,000 

Year  2  Total  $26,400,000 
Cumulative  Total  $41,100,000 

Year 

Project 

Duration 
(in  years) 

Cost 

3 

Development  of  high  sensitivity,  durable 

5 

$4,200,000 

sensor  materials 

Development  of  application  specific  device 

4 

2,500,000 

technologies 

Development  of  application  electronics 

6 

1,700,000 

Simulation  and  analysis 

4 

3,800,000 

Installation  methods 

5 

1,800,000 

Environmental  effects 

3 

2,400,000 

Device  protection 

5 

3,300,000 

Evaluation  of  large  scale  measurement  systems 

2 

2,500,000 

Hardened  processing,  storage  and  on-site  access 

3 

1,300,000 

Self-repair  systems 

5 

2,200,000 

High  insulating  capacity  materials 

8 

900,000 

Passive  and  active  structural  modification 

4 

3,100,000 

Year  3  Total  $29,700,000 

Cumulative  Total  $70,800,000 

4 

Development  of  high  sensitivity,  durable 

5 

$3,700,000 

sensor  materials 

Development  of  application  specific  device 

4 

1,100,000 

technologies 

Low  cost  device  manufacture 

4 

1,500,000 

Development  of  application  electronics 

6 

1,600,000 

Failure  analysis 

5 

1,900,000 

Simulation  and  analysis 

4 

2,600,000 

Education  and  information  transfer 

6 

600,000 

Installation  methods 

5 

2,200,000 

Environmental  effects 

3 

1,100,000 

Device  protection 

5 

3,200,000 

Local  area  networks 

5 

2,300,000 

Site  specific  data  access  and  transfer 

2 

1,500,000 

Self-repair  systems 

5 

1,700,000 

High  insulating  capacity  materials 

8 

1,000,000 

Passive  and  active  structural  modification 

4 

2,900,000 

Year  4  Total  $28,900,000 

Cumulative  Total  $99,700,000 

5 

Development  of  high  sensitivity,  durable 

5 

$3,100,000 

sensor  materials 

Low  cost  device  manufacture 

4 

2,000,000 

Development  of  application  electronics 

6 

1,200,000 

Failure  analysis 

5 

2,200,000 

Device  standards  and  practices 

3 

2,600,000 

Education  and  information  transfer 

6 

700,000 

Installation  methods 

5 

2,400,000 

Device  protection 

5 

2,400,000 

Access  and  repair  issues 

3 

2,000,000 

Local  area  networks 

5 

2,700,000 

Site  specific  data  access  and  transfer 

2 

1,500,000 

Natural  disaster  management 

3 

2,000,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

1,700,000 

Self-repair  systems 

5 

1,500,000 

High  insulating  capacity  materials 

8 

1,200,000 

Year  5  Total  $29,200,000 

Cumulative  Total  $128,900,000 
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Year 

Project 

Duration 
(in  years) 

Cost 

6 

Low  cost  device  manufacture 

4 

$2,000,000 

Development  of  application  electronics 

6 

700,000 

Failure  analysis 

5 

2,600,000 

Device  standards  and  practices 

3 

3,200,000 

Education  and  information  transfer 

6 

1,000,000 

Installation  methods 

5 

2,100,000 

Device  protection 

5 

2,000,000 

Access  and  repair  issues 

3 

3,100,000 

Local  area  networks 

5 

2,600,000 

Data  management  systems 

4 

1,500,000 

Natural  disaster  management 

3 

2,000,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

2,100,000 

High  insulating  capacity  materials 

8 

1,100,000 

Year  6  Total  $26,000,000 

Cumulative  Total  $154,900,000 

7 

Low  cost  device  manufacture 

4 

$1,100,000 

Development  of  application  electronics 

6 

500,000 

Failure  analysis 

5 

2,200,000 

Device  standards  and  practices 

3 

2,200,000 

Education  and  information  transfer 

6 

800,000 

Installation  methods 

5 

1,500,000 

Access  and  repair  issues 

3 

1,900,000 

Investment  in  large-scale  diagnostic  systems 

4 

2,300,000 

Local  area  networks 

5 

2,200,000 

Data  management  systems 

4 

2,300,000 

Road  monitoring 

4 

1,500,000 

Natural  disaster  management 

3 

2,000,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

2,300,000 

High  insulating  capacity  materials 

8 

900,000 

Year  7  Total  $23,700,000 

Cumulative  Total  $178,600,000 

8 

Failure  analysis 

5 

$2,100,000 

Education  and  information  transfer 

6 

500,000 

Investment  in  large-scale  diagnostic  systems 

4 

2,400,000 

Local  area  networks 

5 

2,200,000 

Data  management  systems 

4 

2,100,000 

Road  monitoring 

4 

2,100,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

2,200,000 

High  insulating  capacity  materials 

8 

700,000 

Year  8  Total  $14,300,000 

Cumulative  Total  $192,900,000 

Year 

Project 

Duration 
(in  years) 

Cost 

9 

Education  and  information  transfer 

6 

$400,000 

Investment  in  large-scale  diagnostic  systems 

4 

2,100,000 

Data  management  systems 

4 

1,100,000 

Road  monitoring 

4 

2,100,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

2,000,000 

High  insulating  capacity  materials 

8 

600,000 

Year  9  Total  $8,300,000 

Cumulative  Total  $201,200,000 

10 

Investment  in  large-scale  diagnostic  systems 

4 

$1,200,000 

Road  monitoring 

4 

1,300,000 

Post-disaster  evaluation  and  repair  scheduling 

6 

1,700,000 

High  insulating  capacity  materials 

8 

600,000 

Year  10  Total  $4,800,000 

Cumulative  Total  $206,000,000 
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Chapter  1 1 

High-Performance 
Steel  Products 


Steel  is  one  of  the  major  construction  materials  used  today;  almost  every 
constructed  facility,  including  bridges,  buildings,  houses,  and  pipelines,  con¬ 
tains  steel.  Construction  consumes  approximately  30  percent  of  the  80-90 
million  tons  of  steel  produced  each  year  in  the  U.S. — representing  more  than  a 
$10  billion  dollar  investment  in  materials.  The  estimated  world  market 
value  for  construction  steel  in  the  year  2000  will  be  $500  billion.  As  a 
construction  material,  steel  is  well  suited  for  a  variety  of  applications  because  of 
such  properties  as  high  strength-to-weight  ratio,  high  stiffness,  ductility, 
toughness  and  weldability.  High-performance  steel  will  improve  these  proper¬ 
ties  so  that  future  steel  structures  will  perform  better  under  adverse  conditions 
such  as  earthquakes,  fires,  and  corrosive  environments;  be  safer  and  more 
reliable;  be  less  costly  to  fabricate  and  construct;  and  be  more  efficient  and 
durable.  Over  the  last  few  decades,  significant  advancements  have  been  made 
in  steel  production  and  fabrication  technologies.  However,  more  can  still  be 
done  to  develop  improved  steels  for  construction  applications. 

What  is  High-Performance  Steel? 

Steel  is  a  designer  material;  new  High-Performance  Steel  (HPS)  will  be 
tailored  to  meet  the  needs  of  specific  construction  applications  using  a  variety 
of  alloying  and  processing  approaches.  Advanced  steelmaking  practices 
including  “clean  steel”  technology,  microalloying,  and  process  control 
technology.  Steel  produced  as  plate,  hot-rolled  shapes,  and  sheet  is  included. 

By  using  HPS,  the  building,  refurbishing,  or  replacement  of  structures  will 
result  in  improved  performance  as  measured  by  initial  costs,  ease  of  mainte¬ 
nance,  and  increased  service  life. 

High-Performance  steel  (HPS)  can  demonstrate  enhancements  in: 

•  Weldability 

•  Toughness 

•  Corrosion  resistance 

•  Ductility 

•  Fatigue  resistance 

•  Fire  resistance 

•  Formability 

•  Strength 

Applications  of  High-Performance  Steel 

Despite  significant  progress  in  the  development  of  new  materials  such  as 
advanced  composites  and  ceramics,  it  is  anticipated  that  the  demand  for  steel 


The  estimated  world 
market  value  for  steel  in 
the  year  2000  will  be 
$500  billion. 


Roize  bridge,  outside  Grenoble,  France.  Underside 
of  completed  bridge  with  view  of  five  12-strand 
tendons. 
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Advancements  in  steel 
construction  technology 
will  enhance  America’s 
infrastructure  in  three  key 
areas:  design, 
constructability  and  life- 
cycle  performance. 


will  continue  to  increase  through  new  applications  and  a  significant  role  in 
rebuilding  the  infrastructure.  The  growth  and  maintenance  of  structures  in  the 
U.S.  will  continue  to  create  demand  for  steel  products.  Building  frames, 
building  envelope  (roofing,  siding),  bridges,  offshore  structures,  pipelines, 
water  and  underground  tanks,  pressure  vessels,  mechanical  tubing, 
earthmoving  equipment,  construction  and  mining  equipment,  railway  and 
transportation  equipment,  and  shipbuilding— all  of  these  represent  potential 
and  current  applications  for  HPS.  Expanded  potential  applications  of  HPS 
include  roofing,  house  framing,  and  short  span  bridges. 

Properties  and  Benefits  of  High-Performance  Steel 

Advancements  in  steel  construction  technology  will  enhance  America’s  infra¬ 
structure  in  three  key  areas:  design,  constructability  and  life-cycle  performance. 

High-performance  steel  with  enhanced  strength  and  weldability  will  reduce  the 
material  and  fabrication  costs  of  new  structures.  Structural  steel  production 
processes  that  are  more  efficient  (e.g.,  near  net  shape  casting)  and  more  flexible 
(e.g.,  custom  rolling  of  shapes)  will  reduce  material  costs  and  improve  material 
use.  Advanced  processing  will  provide  superior  high-performance  steel  materi¬ 
als  with  significant  improvements  in  weldability  and  toughness.  New  fabrica¬ 
tion  technologies,  such  as  high-heat  input  and  laser  welding  will  greatly  in¬ 
crease  the  ease  with  which  structures  can  be  fabricated. 


Paris  Landing  Bridge,  Tennessee. 


The  potential  cost  savings  offered  by  the  development  of  improved 
steels  for  military  and  commercial  ships,  for  bridges  and  pipelines,  and 
for  transportation  and  infrastructure  use  is  great.  In  the  shipbuilding 
market,  for  instance,  the  London-based  International  Maritime  Organi¬ 
zation  (IMO)  and  the  U.S.  Oil  Pollution  Act  of  1990  have  mandated 
that  by  2015  the  world’s  tanker  fleet  must  be  replaced  with  double-hull 
construction.  Thus  more  than  1,200  new  commercial  tankers  will  be 
required  over  the  next  decade.  If  100  tankers  are  U.S.  built,  an  economy 
of  $125  million  is  possible.  HPS  with  improved  fabricability  can  help  to 
achieve  this  potential. 

New,  optimized  structural  steel  shapes  including  light-gage  sections  will 
further  improve  material  use  and  costs.  Automated  and  more  agile 
fabricated  operations  will  reduce  fabrication  cost  and  time,  and  will 
improve  fabrication  productivity.  Innovative  designs  using  HPS  can 
reduce  the  weight  of  structures,  thereby  making  them  more  efficient.  An 
example  of  the  benefits  of  using  higher  strength  steel  is  the  Paris  Land¬ 
ing  Bridge  in  Tennessee.  This  bridge  has  a  160m  (525  foot)  main  span 
and  was  designed  using  480  MPa  (70  ksi)  material  to  reduce  the  weight 
of  the  structure  which  allowed  the  bridge  to  be  fabricated  with  a  more  eco¬ 
nomical,  constant  depth  cross-section.  A  32  percent  cost  saving  resulted  from 
using  HPS  instead  of  conventional  steel.  The  time  and  cost  required  for  steel 
erection  will  also  be  reduced  by  automated  erection  methodologies  enhanced 
by  new  joining  and  fastening  technology. 


Development  of  High-Performance  Steels 

The  development  of  high-performance  steel  construction  technology  will 
enable  advances  in  the  design  of  steel  structures  that  exploit  these  innovations. 
The  weldability  improvements  result  from  new  alloying  and  processing. 
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initially  developed  in  laboratory  studies  and  implemented  in  full-scale  production 
facilities.  Research  activities  throughout  the  world  are  focusing  on  new  steels  that 
are  tailor-made  for  the  strength,  durability  and  corrosion  demands  of  a  given 
application. 

The  continuing  emphasis  on  life-cycle  costing  will  make  first  cost  less  important, 
thus  higher  valued  steels  with  better  performance  throughout  the  life  of  the  struc¬ 
ture  will  be  desired.  New  stainless  steels  which  can  be  produced  efficiently  (lower 
cost)  will  begin  to  find  their  way  into  future  structures. 

Constraints  to  High-Performance  Steel  Use 

Development  of  HPS  faces  both  technical  and  non-technical  barriers.  Over  the 
past  few  years,  Japanese  and  European  producers  have  reported  significantly 
improved  mechanical  properties  for  steels  produced  using  special 
thermomechanical  controlled  processing  (TMCP),  and  they  have  installed  the 
facilities  to  produce  these  steels.  TMCP  uses  controlled  rolling  and  accelerated 
cooling  to  produce  high-performance  steel;  this  steel  has  in  turn  improved  the 
efficiency  of  ship  fabrication.  However,  in  the  U.S.  although  the  potential  for 
TMCP  has  been  widely  studied  in  the  laboratory,  the  required  facilities  have  not 
been  installed.  (One  steel  company  will  be  installing  them  in  1995).  Japanese  and 
European  facilities  were  justified  by  strong  markets  in  ship  and  linepipe  construc¬ 
tion  during  the  80’s.  Those  markets  are  only  now  beginning  to  be  significant  in  the 
U.S.  New  computer  modeling  software  reflecting  new  design  approaches  will  be 
required  to  use  high-strength  HPS  efficiently.  Furthermore,  the  fabrication  meth¬ 
ods  must  be  optimized  and/or  new  technologies  established. 

In  the  public  policy  area,  decision-makers  in  both  industry  and  government  need  to 
agree  upon  design  standards  and  contracting  and  procurement  procedures  that  will 
facilitate  innovation  in  steel  construction  technology.  For  example,  there  is  cur¬ 
rently  a  lack  of  standard  systems  for  house  framing.  In  addition,  builders  are  often 
unfamiliar  with  HPS  technology;  thus,  the  industry  should  be  reeducating  the 
consumer  or  the  user  of  this  technology.  In  bridges,  for  example,  the  current  steel 
grades  have  been  in  use  for  over  30  years.  Replacing  those  bridges  with  HPS  will 
require  significant  qualification  efforts  to  satisfy  federal,  state  and  local  transporta¬ 
tion  officials  of  their  suitability.  In  deciding  to  use  HPS,  decision-makers  must  also 
look  beyond  initial  costs  of  use  to  life-cycle  costs. 

The  following  research  projects  indicate  the  breadth  of  current  HPS  research: 

•  Double  hull  welding  system  using  one-sided  welding 

•  Bridge  using  new  girder  system  with  pipe  and  plate  ( ATLSS  and  FHWA 
programs) 

•  Thermomechanical  controlled  processing 

•  New  sensor  process  control  and  modeling  technology 

•  New  steels  for  bridges  with  new  design  concepts  for  their  use 

•  Electroslag  welding,  high-heat  input  welding,  laser  welding 

•  Fabrication  robotics 

•  Research  on  coatings  technology  for  longer  service  life 


Centers  for 
Research  Technology 
Transfer 

y^dterfo/s 

University  of  Pittsburgh 

National  Institute  of  Standards  and 
Technology 

NSF  Center  for  Advanced 
Technology  for  Large  Structural 
Systems  (ATLSS) 

Colorado  School  of  Mines 

Northwestern  University 

Welding  and  Joining 

Oregon  Graduate  Institute 

Ohio  State-Edison  Welding 
Institute 

ATLSS-Lehigh 

American  Welding  Society 

Products  and  Systems-Virginia  Tech 

Design 

University  of  Texas  at  Austin 
ATLSS-Lehigh 

University  of  California  at  Berkeley 
Cornell  University 
University  of  Minnesota 
University  of  Illinois 
.Virginia  Tech 

University  of  Missouri-RQlla 

Fabrication  and  Erection 

NIST 

ATLSS-Lehigh 

Life  Cycle  Performance 

University  of  Kansas 
I  nfrastructure  I nstitute 
ATLSS-Lehigh 
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Prioritized  Research  Projects 
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steel  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 
(in  years) 

Cost 

1 

Materials  Predictability 

5 

$3,000,000 

New  Structural  Systems 

5 

6,000,000 

Welding  Processes  and  Consumables 

4 

2,100,000 

Fire  Performance  Analysis  and  Design 

5 

3,000,000 

Service  Life  Evaluation 

4 

3,000,000 

Composite  Systems  Load  Transfer  Models 

5 

1,560,000 

Year  1  Total  $18,660,000 

Cumulative  Total  $18,660,000 

2 

Materials  Predictability 

5 

$3,000,000 

Improved  Materials  Weldability 

7 

1,200,000 

New  Structural  Systems 

5 

6,000,000 

Welding  Processes  and  Consumables 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

3,000,000 

Fire  Performance  Analysis  and  Design 

5 

900,000 

Service  Life  Evaluation 

4 

3,000,000 

Composite  Systems  Load  Transfer  Models 

5 

1,560,000 

Year  2  Total  $20,760,000 

Cumulative  Total  $39,420,000 

3 

Materials  Predictability 

5 

$3,000,000 

Improved  Materials  Weldability 

7 

1,200,000 

New  Structural  Systems 

5 

6,000,000 

Welding  Processes  and  Consumables 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

3,000,000 

New  Connections 

8 

1,050,000 

Fire  Performance  Analysis  and  Design 

5 

900,000 

Design  for  Serviceability 

8 

900,000 

Service  Life  Evaluation 

4 

3,000,000 

Composite  Systems  Load  Transfer  Models 

5 

1,560,000 

Year  3  Total  $22,710,000 

Cumulative  Total  $62,130,000 

133 

Steel  Products 


Year 

Project 

Duration 
(in  years) 

Cost 

4 

Materials  Predictability 

5 

$3,000,000 

Improved  Materials  Weldability 

7 

1,200,000 

New  Structural  Systems 

5 

6,000,000 

Welding  Processes  and  Consumables 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

4,500,000 

New  Connections 

8 

1,050,000 

Fire  Performance  Analysis  and  Design 

5 

900,000 

Design  for  Serviceability 

8 

1,500,000 

Advanced  Analysis  Methods 

6 

1,350,000 

Service  Life  Evaluation 

4 

3,000,000 

Composite  Systems  Load  Transfer  Models 

5 

1,560,000 

Year  4  Total  $26,160,000 

Cumulative  Total  $88»290,000 

5 

Materials  Predictability 

5 

$3,000,000 

Improved  Materials  Weldability 

7 

1,200,000 

Improved  Corrosion  Resistance 

6 

1,500,000 

New  Structural  Systems 

5 

6,000,000 

Automated  Shop  Fabrication  and  Erection 

8 

4,500,000 

New  Connections 

8 

1,050,000 

Fire  Performance  Analysis  and  Design 

5 

900,000 

Design  for  Serviceability 

8 

900,000 

Advanced  Analysis  Methods 

6 

1,350,000 

Renovation  and  Retrofit  Techniques 

4 

2,250,000 

Life  Cycle  Cost  Analysis 

4 

3,000,000 

Composite  Systems  Load  Transfer  Models 

5 

1,560,000 

Year  5  Total  $27,210,000 

Cumulative  Total  $115,500,000 

6 

Improved  Materials  Weldability 

7 

$1,200,000 

Improved  Corrosion  Resistance 

6 

2,100,000 

Innovative  Structural  Shapes 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

4,500,000 

New  Connections 

8 

1,050,000 

Design  for  Serviceability 

8 

900,000 

Advanced  Analysis  Methods 

6 

1,410,000 

Renovation  and  Retrofit  Techniques 

4 

2,250,000 

Life  Cycle  Cost  Analysis 

4 

3,000,000 

Innovative  Composite  Systems 

5 

2,100,000 

Year  6  Total  $20,610,000 

Cumulative  Total  $136,110,000 

Year 

Project 

Duration 
(In  years) 

Cost 

7 

Improved  Materials  Weldability 

7 

$1,200,000 

Improved  Corrosion  Resistance 

6 

1,500,000 

Innovative  Structural  Shapes 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

3,000,000 

New  Connections 

8 

1,050,000 

Design  for  Serviceability 

8 

900,000 

Advanced  Analysis  Methods 

6 

1,350,000 

Renovation  and  Retrofit  Techniques 

4 

2,250,000 

Life  Cycle  Cost  Analysis 

4 

3,000,000 

Innovative  Composite  Systems 

5 

2,100,000 

Year  7  Total  $18,450,000 

Cumulative  Total  $154,560,000 

8 

Improved  Materials  Weldability 

7 

$1,200,000 

Improved  Corrosion  Resistance 

6 

1,500,000 

Innovative  Structural  Shapes 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

3,000,000 

New  Connections 

8 

1,050^00 

Design  for  Serviceability 

8 

900,000 

Advanced  Analysis  Methods 

6 

1,350,000 

Renovation  and  Retrofit  Techniques 

4 

2,250,000 

Life  Cycle  Cost  Analysis 

4 

3,000,000 

Innovative  Composite  Systems 

5 

2,100,000 

Year  8  Total  $18,450,000 

Cumulative  Total  $173,010,000 

9 

Improved  Corrosion  Resistance 

6 

$1,500,000 

Innovative  Structural  Shapes 

4 

2,100,000 

Automated  Shop  Fabrication  and  Erection 

8 

3,000,000 

New  Connections 

8 

1,050,000 

Design  for  Serviceability 

8 

900,000 

Advanced  Analysis  Methods 

6 

1,350,000 

Innovative  Composite  Systems 

5 

2,100,000 

Year  9  Total  $12,000,000 

Cumulative  Total  $185,010,000 

10 

Improved  Corrosion  Resistance 

6 

$1,500,000 

New  Connections 

8 

1,050,000 

Design  for  Serviceability 

8 

900,000 

Innovative  Composite  Systems 

5 

2,100,000 

Year  10  Total  $5,550,000 

Cumulative  Total  $190,560,000 
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Chapter  12 

High-Performance 
Wood  Products 


More  buildings  are  constructed  of  wood  than  any  other  building  material. 

Over  90  percent  of  all  single  family  homes,  as  well  as  many  small  office  and 
commercial  buildings,  are  constructed  with  wood  structural  framing.  Many 
buildings  with  concrete  and  masonry  walls  use  wood  floor  and  roof  systems.  In 
addition,  some  cities,  counties,  and  states  are  specifying  the  use  of  modern 
timber  bridges  as  alternatives  to  steel  and  concrete  bridges  on  low  to  medium 
volume  roads.  Although  U.S.  construction  projects  consume  more  than  40 
billion  board  feet  of  timber  annually,  wood  is  a  renewable  resource.  Wood  is  an 
attractive  material  choice  because  of  its  ease  of  construction,  especially  on-site, 
and  because  it  provides  the  highest  strength-to-weight  ratio  of  traditional 
building  materials.  The  use  of  newer,  high-strength,  lightweight  engineered 
wood  products  such  as  glued  laminated  beams,  wood  I-joists,  and  structural 
composite  lumber  is  increasing  dramatically 

What  is  High-Performance  Wood? 

High-performance  wood  products  are  characterized  by  enhanced  performance 
in  one  or  more  of  the  following: 

•  Fire  resistance 

•  Strength  and/or  stiffness 

•  Creep  resistance 

•  Decay  resistance 


While  the  use  of 
engineered  wood  products 
represents  a  small  portion 
of  today’s  wood  products 
market,  decreased 
availability  of  large 
dimension  timber 
combined  with  the 
environmental  benefit  of 
continuing  to  use  a 
renewable  resource  makes 
their  increased  use  and 
continued  development 
necessary 


•  Serviceability 


The  term  high  performance  wood  products  does  not  just  mean  that  these 
products  are  more  durable  and  serviceable — it  means  that  these  products  are 
engineered  to  perform  better.  For  example,  polymers  and 
wood  fiber  may  be  used  to  increase  material  strength. 


Applications  of  High-Performance  Wood 

While  the  use  of  engineered  wood  products  represents  a  small 
portion  of  today’s  wood  products  market,  decreased  availabil¬ 
ity  of  large  dimension  timber  combined  with  the  environ¬ 
mental  benefit  of  continuing  to  use  a  renewable  resource 
makes  their  increased  use  and  continued  development  neces¬ 
sary.  Some  of  these  products  (such  as  I-joists  and  box  beams) 
use  different  types  of  wood,  while  others  incorporate  lamina¬ 
tions  of  wood  (such  as  glued  laminated  beams  and  certain 
types  of  structural  composite  lumber).  There  is  also  increas¬ 
ing  use  of  composites  which  use  wood  along  with  non-wood 
products  such  as  fiber  reinforced  glued  laminated  beams  and 


Soaring  glued-laminated  beams  give  this  U.S.  Ski  Hall  of  Fame  in 
Ishpeming,  Michigan  its  dramatic  ski-jump  effect. 
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wood  trusses  which  incorporate  metal  webs.  All  of  these  engineered  wood 
products  use  our  natural  resources  efficiently. 

Modern  timber  bridges,  structural  frames  of  commercial  buildings,  and  roofing 
systems — this  list  demonstrates  a  few  applications  of  high-performance  wood 
products.  High-performance  wood  is  especially  adaptable  for  use  in  commer¬ 
cial  buildings  as  well  as  in  public  infrastructure  applications. 

Properties  and  Benefits  of  High-Performance  Wood 

Compared  to  traditional  systems,  the  benefits  of  using  high-performance  wood 
include  low  initial  building  costs,  increased  service  life  with  reduced  mainte¬ 
nance,  and  efficient  use  of  natural  resources. 


The  need  to  provide  low- 
cost  housing  for  the 
economically 
disadvantaged  can  be 
fulfilled  in  part  by  using 
promising  light-weight 
building  materials  which 
can  be  pre-assembled  in 
plants. 


Wood  has  excellent  qualities  for  heat  transfer.  Wood  stress-skin  panels  offer 
hope  for  providing  low-cost,  energy  efficient,  yet  structurally  sound  housing. 
These  systems  can  be  used  for  walls  as  well  as  roofs.  Improved  coatings  and 
preservatives  will  enhance  the  performance  of  wood  products  on  building 
sidings. 

Because  wood  has  a  high  strength-to-weight  ratio,  the  use  of  engineered  wood 
products  only  increases  efficiency  in  resource  utilization.  Engineered  wood 
products  which  arc  reinforced  with  synthetic  fibers  and  wood  composites  will 
enable  designers  to  increase  floor  loads  or  spans  for  wood  systems.  The  need  to 
provide  low-cost  housing  for  the  economically  disadvantaged  can  be  fulfilled  in 
part  by  using  promising  light-weight  building  materials  which  can  be  pre- 
asscmblcd  in  plants  and  transported  to  building  sites  for  final  assembly  Along 
with  the  incorporation  of  engineered  wood  products  described  above,  stress- 
skin  wall  and  roof  systems  which  sandwich  insulation  between  wood  struc¬ 
tural-use  panels,  are  both  light-weight  and  strong.  All  of  the  materials  can  be 
easily  transported  to  a  building  site  and  assembled  using  light  construction 
equipment  and  nonspecialized  labor. 


Three  span  constructed  “tridge.” 


State  and  local  jurisdictions  strapped  for  adequate  funds  to 
maintain  and  repair  deteriorating  bridges  recognize  the  use  of 
modern  timber  bridges  to  rebuild  and  improve  the  nation’s 
highway  infrastructure.  Nationwide,  approximately  230,000 
bridges  are  either  structurally  or  geometrically  deficient,  and  an 
estimated  150,000  of  these  bridges  could  use  modern  timber 
replacements.  These  modern  designs  using  panelized  assem¬ 
blies  and/or  engineered  wood  products  allow  local  jurisdictions 
to  replace  deficient  bridges  using  their  own  personnel  and 
construction  equipment,  which  will  save  both  time  and  money 

Development  of  High-Performance  Wood 

The  development  of  high-performance  wood  members  and 
systems  is  in  its  infancy;  however  development  of  non-wood 
products  to  reinforce  wood  members  is  well  underway  Poly¬ 
mer  strands  incorporated  into  the  cross-sections  of  glued  laminated  beams, 
much  as  steel  reinforcing  bars  arc  used  in  concrete  beams,  increase  strength  and 
stiffness.  Similar  reinforcement  for  other  engineered  wood  products  holds 
promise.  For  example,  the  use  of  wood  fiber  to  reinforce  non-wood  materials  is 
being  researched.  The  performance  of  these  members  and  assemblies,  espe¬ 
cially  in  harsh  environments,  needs  to  be  evaluated. 


In  addition,  the  development  of  modern  timber  bridge  designs  is  well  under¬ 
way.  In  fact,  guardrail  systems  for  these  bridges  have  been  tested  and  approved. 
In  support  of  this  effort,  the  U.S.  Department  of  Agriculture  Forest  Service  has 
published  and  distributed  a  design  manual  for  such  structures.  Also,  the 
American  Association  of  State  Highway  and  Transportation  Officials 
(AASHTO)  will  incorporate  load  and  resistance  factor  design  provisions  for 
timber  bridges  in  its  standard. 


Constraints  to  High-Performance  Wood  Use 


Although  high-performance  wood  research  and  use  appear  promising — 
modern  timber  bridges  being  one  good  example — barriers  to  increased  use  of 
these  engineered  wood  products  include  prescriptive  building  codes  and 
limited  funding  for  fire  modeling  and  load  and  resistance  testing.  Historically, 
building  codes  have  contained  prescriptive  provisions  covering  the  design  and 
construction  of  single  family  residential  structures. 

These  prescriptive  provisions,  sometimes  referred  to  as  conventional  construc¬ 
tion,  incorporate  long-standing  “rules-of-thumb”  used  by  the  construction 
industry.  These  building  code  provisions  have  proven  to  be  adequate  for  most 
parts  of  the  country.  However,  in  coastal  areas  where  high  winds  associated 
with  hurricanes  are  possible,  and  in  some  areas  of  high  seismic  activity,  legisla¬ 
tors  are  revising  building  code  requirements  to  mandate  engineered  design  of 
homes  where  conventional  construction  provisions  have  previously  been 
accepted.  The  use  of  customary  engineering  methodology  to  design  redundant 
member  systems  (such  as  traditional  wood  framed  floors,  walls  and  roofs) 
results  in  substantially  increased  costs  for  residential  structures.  Thus,  research 
needs  to  resolve  two  main  issues:  fastener  performance,  and  development  of 
“system  factors.”  Some  of  this  research  requires  full-scale  testing  of  wood 
frame  structures,  assemblies,  and  subassemblies.  Data  from  full-scale  tests  will 
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be  used  to  derive  system  factors  which  in  turn  can  be  used  by  designers  to 
calculate  the  performance  of  conventional  wood  frame  structures  accurately. 
Cyclic  testing  of  assemblies  is  necessary  to  assess  the  performance  of  fasteners 
traditionally  used  in  light-frame  residential  construction. 

Data  gathered  from  cyclic  tests  will  be  used  to  substantiate 
the  performance  of  wood  frame  assemblies  under  high 
wind  and  seismic  conditions.  All  of  this  research  will 
require  substantial  funding;  however,  significant  savings  in 
construction  costs  will  benefit  the  ultimate  consumer. 

Engineered  wood  products  are  now  being  specified  in  place 
of  dimension  lumber  for  long  span  applications  and  certain 
multi-member  subassemblies  (such  as  headers)  in  conven¬ 
tional  construction. 

Fire  modeling  is  an  important  continuing  segment  of  wood 
products  research.  Building  codes  specify  fire  performance 
criteria  which  reference  fire  test  standards  for  all  structural 
assemblies.  Since  wood  systems  can  be  made  up  of  a  variety 
of  construction  materials,  testing  every  possible  combina-  jyjtem. 
tion  which  can  be  used  in  buildings  is  costly  and  time 

consuming  With  the  development  of  each  new  wood  product,  the  number  of 
possible  combinations  increases.  Therefore,  fire  modeling  procedures  must  be 
developed  to  depict  the  performance  of  wood  products  and  assemblies  speci¬ 
fied  in  fire  test  standards.  Computer  models  must  be  validated  by  conducting 


Timber  bridges  are  an  important  option  for  improving  our  nation’s  road 
system. 
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costly  full-scale  fire  tests.  However,  limited  research  funds  have 
slowed  the  completion  of  wood  industry  computer  fire  models. 
These  computer  models,  when  developed  and  accepted,  will 
significantly  reduce  the  time  and  costs  associated  with  demon¬ 
strating  fire  performance  of  systems  and  assemblies. 

Also,  serviceability  limit  states  are  being  discussed  for  inclusion  in 
future  editions  of  load  standards.  Serviceability  includes  member 
and  assembly  deflection  and  vibration.  Research  to  better  quantify 
the  long  term  creep  (deflection)  characteristics  of  wood  assem¬ 
blies,  as  well  as  floor  vibration  design  are  important  to  satisfy 
serviceability  concerns  of  designers. 

Industry  sponsored  research  will  soon  result  in  the  issuance  of  a 
load  and  resistance  factor  design  (LRFD)  standard  for  engineered 
wood  construction.  Although  the  U.S.  is  considered  to  be  the 
world  leader  in  development  of  LRFD  principles  for  wood 
construction,  research  is  needed  to  continue  this  work  to  develop 
true  reliability-based  design  (RED)  procedures.  RED  procedures 
will  result  in  more  accurate  estimations  of  building  systems 
performance.  Such  research  will  maintain  this  country’s  lead  in 
the  development  of  true  RED  methodology  and  will  encourage 
other  countries  to  adopt  this  methodology  into  their  design  codes. 

Current  Industry  Sponsored  Projects 

Currently,  universities  and  government  agencies  are  conducting 
the  following  research  projects: 

•  Tests  to  determine  the  cyclic  and  dynamic  performance  of  wood 
connections  and  assemblies  at  Virginia  Polytechnic  Institute  and 
State  University. 

•  Research  to  determine  the  shear  resistance  of  various  configura¬ 
tions  of  perforated  shearwalls. 

•  Guardrail  testing  for  various  timber  bridge  sections,  sponsored 
by  the  USDA  Forest  Service  and  conducted  at  the  University  of 
Nebraska. 

•  Timber  bridge  research  sponsored  by  the  Federal  Highway 
Administration  and  the  Forest  Service  to  develop  new  designs 
being  conducted  at  West  Virginia  University. 

•  Research  to  determine  directional  wind  pressures  on  low-rise 
structures  at  the  University  of  Western  Ontario.  This  project  is 
sponsored  by  the  Canadian  Wood  Council  and  American  Forest 
&  Paper  Association.  Additional  research  anticipated  on  repetitive 
member  systems  (conventional  construction). 


•  Development  of  structural  fire  performance  models  at  the 
American  Forest  and  Paper  Association,  University  of  Wisconsin, 
and  USDA  Forest  Service  Forest  Products  Laboratory. 
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Wood  Prioritized  Timeline  and  Budget  Allocation 


Year 

Project 

Duration 

(years) 

Cost 

1 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Pane!  Products 

6 

1,000,000 

Fire  Resistance 

5 

1,300,000 

Structural  Systems 

5 

1,900,000 

Fire  Performance 

7 

750,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Service  Life  Evaluation 

3 

1,200,000 

Year  1  Total  $8,150,000 

Cumulative  Total  $8,150,000 

2 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Panel  Products 

6 

1,000,000 

Fire  Resistance 

5 

1,300,000 

Structural  Systems 

5 

1,900,000 

Systems  Analysis 

5 

700,000 

Fire  Performance 

7 

750,000 

Service  Life  Evaluation 

3 

1,200,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Year  2  Total  $8,850,000 

Cumulative  Total  $17,000,000 

3 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Panel  Products 

6 

1,000,000 

Fire  Resistance 

5 

1,300,000 

Structural  Systems 

5 

1,900,000 

Systems  Analysis 

5 

700,000 

Fire  Performance 

7 

750,000 

Service  Life  Evaluation 

3 

1,200,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,250,000 

Year  3  Total  $10,475,000 

Cumulative  Total  $27,475,000 

Year 

Project 

Duration 

Cost 

4 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Panel  Products 

6 

1,000,000 

Fire  Resistance 

5 

1,300,000 

Structural  Systems 

5 

1,900,000 

Systems  Analysis 

5 

700,000 

fire  Performance 

7 

750,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,250,000 

Year  4  Total  $9,275,000 

Cumulative  Total  $36,750,000 

5 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Panel  Products 

6 

1,000,000 

Fire  Resistance 

5 

1,300,000 

Structural  Systems 

5 

1,900,000 

Systems  Analysis 

5 

700,000 

Fire  Performance 

1 

750,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,250,000 

Year  5  Total  $9,275,000 

Cumulative  Total  $46,025,000 

6 

Composite  Lumber  Products 

6 

$1,000,000 

Composite  Wood  Panel  Products 

6 

1,000,000 

Systems  Analysis 

5 

700,000 

Fire  Performance 

7 

750,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,250,000 

Renovation  And  Retrofit 

5 

800,000 

Life  Cycle  Cost  Analysis 

4 

250,000 

Year  6  Total  $7,125,000 

Cumulative  Total  $53,150,000 

7 

Fire  Performance 

7 

$750,000 

Wood  Composite  Connections 

8 

500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,250,000 

Renovation  And  Retrofit 

5 

800,000 

Life  Cycle  Cost  Analysis 

4 

250,000 

Year  7  Total  $4,425,000 

Cumulative  Total  $57,575,000 
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Year 

Project 

Duration 

(years) 

Cost 

8 

Wood  Composite  Connections 

8 

$500,000 

Structural  Assembly  Connections 

8 

500,000 

Serviceability 

8 

375,000 

Automated  Systems 

8 

1,350,000 

Renovation  And  Retrofit 

5 

800,000 

Structural  Shapes 

3 

1,200,000 

Life  Cycle  Cost  Analysis 

4 

250,000 

Year  8  Total  $4,875,000 

Cumulative  Total  $62,450,000 

9 

Serviceability 

8 

$375,000 

Automated  Systems 

8 

1,250,000 

Renovation  And  Retrofit 

5 

800,000 

Structural  Shapes 

3 

1,200,000 

Life  Cycle  Cost  Analysis 

4 

250,000 

Year  9  Total  $3,875,000 

Cumulative  Total  $66,325,000 

10 

Serviceability 

8 

$375,000 

Automated  Systems 

8 

1,250,000 

Renovation  And  Retrofit 

5 

800,000 

Structural  Shapes 

3 

1,200,000 

Year  10  Total  $3,625,000 

Cumulative  Total  $69,950,000 

Wood  Working  Group  Members 


R.  Michael  Caldwell 
Chairper 

American  Forest  &  Paper  Association 

Stephen  L.  Bunnell 

United  States  Department  of  Agriculture  -  Forest  Service 

Michael  E.  Hittmeier 
Georgia  -  Pacific  Corporation 

John  W.  Kerns 
Weyerhaeuser  Company 

Douglas  T.  McVey 
Willamette  Industries,  Inc. 

Erwin  L.  Schaffer 

United  States  Department  of  Agriculture  -  Forest  Service 
Louis  E.  Wagner 

American  Hardboard  Association 
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Chapter  13 

Ensuring  Program 
Success:  Forging  an 
Industry-Government 
Partnership 


The  case  for  the  CONMAT  program  is  powerful;  the  nation’s  infrastructure  must 
be  transformed.  The  CONMAT  program,  costing  a  tiny  fraction  of  the  annual 
construction  put  in  place,  has  the  opportunity  to  bring  forth  such  a  transformation, 
utilizing  tomorrow’s  high-performance  materials  and  systems.  In  a  very  short  time, 
ten  different  sectors  of  the  construction  materials  industry  have  come  together  to 
pursue  this  goal. 

The  Role  of  Industry 

In  order  for  the  CONMAT  program  to  succeed,  a  number  of  steps  must  be  under¬ 
taken.  First,  and  most  importantly,  CONMAT  must  continue  to  be  an 
industry-led  program.  The  ten  material  groups  which  came  together  to  produce 
this  report  are  committed  to: 

•  Cooperative  action.  The  commercial  opportunities  are  so  great  that  all  material 
groups  recognize  the  virtue  of  cooperative  ventures  in  areas  beyond  their  current 
market  niche.  CONMAT  participants  understand  that  the  research  and  technol¬ 
ogy  deployment  activities  will  be  periodically  reviewed  and  updated,  as  the  needs 
of  the  construction  community  and  the  nation’s  infrastructure  are  regularly 
reassessed. 

•  Industty  leadership.  Construction  Industry  leaders  must  direct  the  implementa¬ 
tion  of  the  CONMAT  program,  demonstrating  how  It  directly  responds  to  the 
needs  and  vision  of  the  construction  community.  These  leaders  will  strengthen 
the  CONMAT  program  by  establishing  partnerships  and  collaborative  efforts 
where  appropriate. 

•  Financial  commitment.  CONMAT  must  truly  become  a  dynamic  cooperative 
effort  between  the  public  and  private  sectors.  The  program  will  succeed  only  if 
there  is  active  Industry  participation.  Including  cash  and  in-kind  support,  and 
oversight. 

•  Implementation  and  technology  deployment.  Industry  is  well  positioned  to 
take  the  results  of  the  CONMAT  program  to  the  marketplace.  CONMAT  will 
succeed  only  if  It  can  develop  and  demonstrate  practical,  commercially-viable 
applications. 


First,  and  most 
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Active  participation  by  the 
federal  government  is 
essential  to  the  success  of 
CONMAT 


The  need  to  implement  a 
research,  development  and 
deployment  program  to 
exploit  the  potential  of 
high-performance 
materials  and  systems  is 
clear 


The  Role  of  the  Federal  Government 

Active  participation  by  the  federal  government  is  essential  to  the  success  of 
CONMAT.  The  Administration  and  Congress  should  support  the  CONMAT 
program  by; 

•  Endorsing  the  concept  and  objectives  of  the  CONMAT  program. 

recognizing  it  as  an  essential  element  of  this  nation’s  commitment  to  upgrade 
the  nation’s  civil  infrastructure. 

•  Supporting  the  establishment  of  CERF’s  National  Construction 
Materials  Coordinating  Council  (NCMCC)  to  have  authority  for  program 
implementation. 

•  Directing  all  Federal  agencies  to  consider  the  budget  and  program 
objectives  outlined  herein  when  developing  their  respective  program 
budgets.  The  strength  of  the  CONMAT  program  will  be  in  its  ability  to 
leverage  private  and  public  sector  funds  to  most  efficiently  accomplish  its 
goals. 

•  Continuing  to  provide  a  construction  program  focus  through  the 
National  Science  and  Technology  Council  (NSTC)  and  the  Office  of  Science 
and  Technology  Policy  (OSTP). 

•  Ensuring  Federal  support  through  such  cost-sharing/support  mecha¬ 
nisms  as  the  Technology  Reinvestment  Project  (TRP),  Manufacturing 
Extension  Partnership  (MEP),  the  U.S.  Army  Corps  of  Engineers  Construc¬ 
tion  Productivity  Advancement  Research  (CPAR)  programs  and  Cooperative 
Research  and  Development  Agreements  (CRDA),  the  Advanced  Technology 
Program  (ATP)  and  other  programs  as  appropriate. 

•  Continuing  to  modify  user  agency  procurement  policies  to  encourage 
the  inclusion  of  innovative  technologies  in  new  and  rehabilitation  construc¬ 
tion  projects.  As  a  major  customer,  Federal  support  is  essential  for  many  of 
the  key  CONMAT  demonstration  projects. 

•  Facilitating  the  CONMAT  effort  to  reduce  barriers  to  commercializa¬ 
tion  by  supporting  new  approaches  in  such  areas  as  new  product  evaluation, 
life  cycle  costing,  contract/bid  systems,  tort  liability  and  regulations  which 
affect  the  introduction  of  Innovation  into  the  construction  industry. 

The  need  to  implement  a  research,  development  and  deployment  program  to 
exploit  the  potential  of  high-performance  materials  and  systems  is  clear.  We 
must  seize  this  opportunity  and  ensure  that  the  CONMAT  program  is  imple¬ 
mented.  The  quality  of  life  that  we  demand  for  ourselves  and  expect  for  our 
children  requires  no  less. 
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